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A COMPARATIVE STUDY OF THE SPEECH COORDI¬ 
NATIONS OF DEAF AND NORMAL SUBJECTS* 1 

Ftom the Clarke School jor the Deaf, Northampton, Massachusetts 


Clam nci V. IIudoins 


Speech of the deaf presents various degrees of abnormalities. 
There is no such thing as s tan da id “deaf speech ” The speech of 
normal individuals presents the only standard by which the speech of 
the deaf can be judged. It is, therefore, essential that any study 
of the speech of the deaf be undo taken as a comparative study in 
which the speech of the deaf and the speech of normal subjects arc 
consldcicd. The kymogupiuc method offers one of the best means 
foi such a study. It is possible to obtain detailed iccords of die 
speech mechanism in action Kymogiapbic iccords taken fiom both 
deaf and noimal subjects show detailed differences and give us an 
objective measuic of the degree of abnormality of the speech of deaf 
subjects. 

In the present study a gioup of normal subjects and a group of 
deaf subjects were returned to icpcat plnascs of different lengths 
while tracings fiom the breathing muscles and of the air picssuic 
outside the mouth wcic iccoulcd The iccords wcie then studied 
ill detail and companions wcie made. 

•Accepted f«i pill; hour eft by Walter S Hunter of tbe Editorial Board 

U'lie experimental woik of tins papei was conducted at the Claike School 
for llu: Deaf at Noitlinmpton, Massachusetts, during the school year of 
1932-33 l lake this opportunity of expressing my appreciation to Miss 
Bessie N Leonard, Principal of the School, for her cooperation, especially 
in providing paits of the npparatus It is n pleasure to acknowledge the 
cooperation of Miss Annette Howes and Miss Mary Numbers, teachers of 
the school, who managed the routine of providing subjects for the experi¬ 
mental gioups I am deeply indebted to Dr, Iiuth Guilder and to her 
associate, Miss Louise Hopkins, who gave me access to their files of audio- 
metric records and personal advice in the giouping of the subjects as to 
their degree of deafness Miss Elimbcth M Collins of the Smith College 
l)ny School pumded n large numbei of the normal subjects from among 
he i pupil 1 ) The entnc No until Training Class put the water tindei 
obligations by Reiving ns subjects I ain especially indebted to the Psycho¬ 
logical Lnbointorics of Clark Umvcisity and Oberhn College foi the loan 
of vnliiflblc flppflinliis With 1 vJm.l 1 to carry out the expcirnicnts Mrs 
Rulli U, Hudgins tendered valuable assistance in measmlng tbe records 
nnd in the statistical treatment of the data 

3 
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The Clarke School for the Deaf offer* an excellent field foi Midi 
a study. The school has been, since its founding, an ardent advocate 
of the <f oral method" in teaching the deaf. Oral speech and lip 
reading are the only means of communication used among its pupils. 
It has been since its founding a leading school in its field, and the 
speech of its pupils may he taken as representative of pupils in such 
institutions 

I shall present (1) & brief daci»w>n of the jmnn.il speech co¬ 
ordinations, (2) appiwatus and methods, (J) iexults, and (4) dis¬ 
cussion of results, 

Tiiu Normal Spfich Coordinations 

Normal speech consists of n series of rapid, highly drilled move¬ 
ments of both the breathing muscles and the muscles of aitiuil.Uion. 
These movements may be made audible by the sounds which they 
produce, but the movements themselves arc of piimaiy importance 
in any phonetic analysis, The noimnl speaker controls the move¬ 
ments of speech by the sounds produced, but cues ftoin the move¬ 
ments themselves play an unpoitant idle in this cunliol. In the 
speech of the deaf, cues from the movements themselves must be 
the essential controlling factors since the sounds are ncvei he.ud in 
ordinary speech 

Since movements are the essential things in speech, I he cooidimi- 
tions involved must be understood if we aie to make an analysis 
of the speech of the deaf. Any phonetic analysis, theiefore, must 
start with a consideration of the fundamental movements of speech, 
i.e, the chest pulse for the syllable, and the laigci breathing move¬ 
ment for the phrase which groups these syllabic pulses into ‘‘bicatli 
groups " A brief summary of the normal function of the speech 
mechanism follows. 

The Speech Muscles. Figure 1 is a diagiammatic (hawing of 
a cross-section of the trunk showing the vanous breathing muscles 
and the two principal opposing muscle gioups. The fust gioup 
produces the simple pulse for the syllable. The smallci chest muscle-, 
between the ribs and the direction of their fibers arc indicated m the 
drawing by the diagonal lines between the pans of ubs. The intei- 
costal muscles, like most muscle groups m the body, .ue uiianged 
in pans, the members of which work in opposition. The internal 
mteicostals (I.I, Figure 1) slant diagonally downwind and hack- 
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A The reciprocating muscles which pioriucc the syllable pulse (the riba 
are exposed to show the two layers of nueicostal muscles) 

11 —The internal Intercostal muscles They aic more pronounced near 
the sternum The action of these muscles lotates the libs down¬ 
ward decreasing the capacity of the chest and expelling air for 
the syllable pulse (Muscles of expiration ) 

El —The external intercostal muscles They are more pronounced near 
the spine The action of these muscles rotates the ribs upward 
increasing the capacity of the chest and arresting the flow of air 
for the syllable puff (Muscles of inspiration ) 

/?. The lecipiociting muscles which execute the phrasing movement and 
group the syllables into accented feet, 01 breath groups 
R —The rectus abdominis is the leading muscle of the abdominal group 
The viscera tiansrmts the pressure set up by the contraction of 
the abdominal group to the diaphragm (Muscle of expiration ) 
D —The diaphugm in cioss-section When the larger muscles of the 
chest fixate the “ 11 b cage 1 ' the contraction of the diaphingm en¬ 
larges the chest, forces the viscera downward, and the abdominal 
muscles outward (Muscle of inspiration ) 
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ward; when they contract, the ribs aic rotated downwind, decreas¬ 
ing the volume of the chest cavity. Tlie> me muscles of expimtum 
(3) The external intcrcostals (£./, Figuie 1) slant diagonally 
downward and fojward; when they conti act, the ul>s me rotated 
upward, enlarging the chest volume They me musclct> of inspira¬ 
tion (3). The small mechanical models on cithei side of the draw¬ 
ing (Figure 1) indicate the action of the micicostal muscles. 

The second group in opposition is the nbdomhwUhm ncic gump. 
The larger muscles of respiration which play an lmpoitniu part m 
speech are the abdominal muscles and the diaphragm {R and D, 1'ig- 
ure 1) The diaphragm is a muscle of ln&pinition, the. contraction of 
which enlarges the chest cavity by lowering the “floor” of the chest 
This action of the diaphragm is opposed by the abdominal muscles, the 
rectus ( R , Figure 1), the lateral obliques, and the transverse mus¬ 
cles, which are not shown in the figine The abdominal muscles 
are, therefore, muscles of expu ation. The conti action of the ab¬ 
dominal muscles constricts the abdomen and foiccs the viscera up¬ 
ward against the diaphragm. This action is indicated on the figuie 
by the curved arrow. 

The Chest-Abdominal Posture Speech is a modified foun of 
breathing: the action 0 f the bicathing muscles duimg speech is a 
variant of the ordinary breathing cooidinatiou. Since speech occurs 
on the expiratory phase of respnation, the expiratory movement is 
flower than in ordinary breathing, while inspiration ocems in quick 
intakes of breath between phiases. The chest-abdominal posture 
during the phrase is worth noting. In pieparation for the pluasc, 
sir is drawn into the lungs and the chest is poised in a slightly inflated 
position. The air in the lungs is not undci pressme As the phrase 
starts the abdominal muscles contract slightly in advance of the 
syllable stroke. This anticipatory contraction of the abdominal mus¬ 
cles compresses the abdomen and forces the viscera upward against 
the diaphragm, thus providing a firm support for the action of the 
chest muscles. With this support from below, the expiratoiy 
muscles of the chest make quick stiokes which foice pulses of air 
upward through the tiachca, these are the syllable pulses. Without 
this firm support of the abdominal muscles, the sudden compression 
of air in the chest which occurs with each syllable pulse would tend 
to force the diaphragm downward arid the foice of the syllable 
movement would be partly dissipated. The abdominal muscles 
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continue the contiaction in a slow contioiled movement as the 
phiase continues and mme air is expelled. The diaphragm is forced 
higher within the chest while the lowei part of the chest is pulled 
downward, The chest descends giactually, adjusting itself to the 
depleted air supply and to the action of the abdominal muscles. 
Thus a gradually changing posttue is maintained throughout the 
phiase. As the phiase ends the laige muscles of inspiration quickly 
inflate the chest, the diaphiagtn contiacts, forcing the viscera down- 
waid; the abdominal muscles relax, the chest is elevated and air 
flows into the lungs foi the next phiase 

The Movement of the Syllable. The smallest unit movement of 
speech is the movement of the syllable This is a quick “ballistic" 
movement of the smaller expiratory muscles of the chest which sends a 
pulse of air upwaid thiough the tiachea (6, 1). The movement of the 
consonant which releases oi anests this pulse of air cannot be consid- 
cied a scpaiatc element because it occurs only as an accessory move¬ 
ment to the syllable itself, and has no independent existence in speech, 
apait floin the syllable in which it functions. The attempt to pioducc 
a scpaiaLe "consonant sound" lcsults in a voiced or whispered syl¬ 
labic. For instance, when b oi p are spoken alone they are re¬ 
leasing consonants of either voiced oi whispered syllables bn and pn 
The move me u ts of the muscles of the larynx which conti ol the glottal 
slit through which the pulse of air must pass have a secondaiy func¬ 
tion in the syllable, the formation of the vowel tone, but that they 
aic not of primaiy impoiLance in pioducing the syllable pulse is 
shown by the following facts' {a) The muscles of the larynx do not 
conti act faster than 4 oi 5 times per second (1) while the syllable 
may continue up to a late of 8 to 10 per second (/>) Laiyngecto- 
mized subjects leam to make all the sounds of a language and 
achieve normal speech by means of an artificial larynx in which the 
vibiations are controlled only by the an pulses from the chest (9). 
The syllabic movement is, tlicrefoie, the fundamental unit move¬ 
ment of speech 

Plow do wc know that the syllable movement is a function of the 
mteicostal muscles? In the first place, the position of these muscles 
and the diicction of then fibets (Figure 1) indicate that such a 
function is possible Fuithcimoic, Mai tin and IPaitwell (3) in 
1879 demonstiated that the external intcrcostnls were muscles of 
inspiration and that the internal intercostals wcie muscles of ex- 
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piration The high iatc at which syllables may be spoken is suffi¬ 
cient proof that the movements me nude by .1 gnmp of ^nailer 
breathing muscles. It is possible to i ope at syllables ,it a intc as 
high as 8 to 10 per second. Movements at tins rate cannot he 
made by the larger abdominal muscles because of their si/.e and the 
mass to be moved. At latcs of utteramc higher than 3 to 4 per 
second the abdominal muscles become fixated, J he syllabit pulses 
can be demonstrated, hazuevn, up to the mum mum speed of u fin¬ 
ance (7) Finally, action-cuirent lecords have been obtained from 
the intercostal muscles which clearly indicate the rcupiocal con¬ 
tractions of these muscles during the fixation of the abdominal mus¬ 
cles at the maximum rate of syllabic uttcirincc (1). 

At slow Kites of utterance, 1 to 3 syllables pci second, the chest 
muscles share the syllable movement with the abdomnv.il muscles. 
The abdominal muscles contiact ami iela\ vvitli each syllable At 
rates higher than this the abdominal muscles fixate and pi ovule a 
slow-moving postuial support foi the dust muscles while tlu* latter 
make the syllable movements alone (7). 

The Movement of the Phuise. The abdominal muscles, howevei, 
have a very important function in the speech pioccss, Syllables 
rarely occur alone in noinud speech, instead they ,ue in gioups oi 
phiases. The giouping of syllables into “hieath gioups,” m pluases, 
is the result of a unitary movement of the huge muscles of expnation. 
This is a slow, controlled movement per burned normally by the 
abdominal muscles (6, 7). The chest and abdominal muscles me 
so coordinated in the notmal speech pattern that the smaller, high¬ 
speed movements of the syllable arc supciimposed upon the l.ugei, 
slower movement of the abdominal muscles as 'hippies” upon the 
larger "wave.” An excellent analogy of this type of com dilution 
is found in the movements of piano playing. The laiget muscles 
of the arm and shoulder of the pianist suppoit the band and carry 
it across the keyboard while the smaller muscles in the foicarm 
move the fingeis in high-speed movements foi the individual notes 
The Movement of Accent Tile unitary action of the abdominal 
muscles not only fuses the syllables into a phonetic unit, the phwisc, 
but it also arranges the syllables into subgroups, the lhytlnmc feet, 
Within the Iaiger plnase. The phrasing movement uses to a maxi¬ 
mum at the point of the phiasc accent on a given syllable; the sub¬ 
groups, however, have sccondaiy accent which clc.uly show in the 
chest and abdominal tracings fiom noimal subjects. 
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Movement of the Consonant . The relation of the consonant 
movement to the syllable pulse must be briefly considered. The 
consonant movement, like all other movements, consists of a “beat 11 
stiokc (a movement of a member to an opposing suiface) and a 
"back 11 stiokc (the movement of the member away fiom the surface) 
This consonant movement has two functions in the syllable’ it may 
either icleasc the syllable pulse 01 aircst it In lelcasing the syl¬ 
lable, the beat stiokc of the consonant and the heat stroke of the 
chest pulse occui simultaneously The vocal canal is closed, oi 
constuctcd, by the movement of the consonant so that the action 
of tile chest muscles compiesses the an in the chest and oial cavities, 
then the back stioke of the consonant telenscb the mi for the vowel, 
as in the syllable pn In aitesting the syllable pulse the function 
is the icveise of the lelcasing function The beat stroke of the 
consonant occurs on the back stiokc of the chest pulse. In a syllable 
like up the syllable is staitcd bv the chest muscles, but the syllable 
pulse is stopped, ariestcd, by the stiolce of the consonant. The 
closuic of the lips (beat stiokc) closes the vocal canal, and the use 
of the an pressure m the pharynx. and chest brings the syllable 
pulse to a close The next syllable does not begin until after the 
back stroke (opening of the lips) of the consonant The airesting 
and releasing consonants aie modifications of the one movement 
cycle, The essential tilings aie a stioke to an opposing suiface, a 
stroke away fiom that suiface, and accurate timing of these strokes 
with the movement of the syllabic In the case of the lelcasing 
consonant the beat stroke may be delivered to the opposing suiface 
while the inembei is already in contact with that suiface In the 
syllabic pu the lips may be alicady m contact before the syllable 
begins, in which case the beat stroke can be demonstrated as a “pifis¬ 
sure'* stioke In this event the back stiokc which releases the air 
is the only appaicnt movement In the aricsting function the beat 
stiokc of the consonant (closuic of the lips in up) may be the 
only appaicnt movement, the back stroke may simply appear as a re¬ 
laxation of the negative muscles and the lips may icmain closed in¬ 
definitely [For full treatment of the functions of consonants see 
Stetson (5, pp 42-65) ] 

The syllable movement is not, howcvci, dependent upon the ac- 
ccssoiy movement of the consonant fen its icleasc oi ancsl The 
chest muscles themselves aie sufficient to icleasc and anest the 
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syllable pulse. In the sclf-anestcd syllable the ncg.rme musde 
group (external intercostals) contracts mul stops the stroke of the 
positive muscle group (inteinal intcicostals). Indeed, osLillogiaphic 
records of action currents from both gioups of mmoles taken simul¬ 
taneously show clearly the rccipiocal contractions of these muscles, 
whether or not the syllable contains consonants (1). 

Apparatus 

The pneumatic method of recording was Used throughout the 
experiment A motor-driven, vmiablc-spccd kymograph, carrying 
a record 26 by 6 inches, was used. 

In order to obtain kymogiaphic iccoids of the speech muscles in 
action, it is necessary to have the subject's body supposed firmly at 
fixed points and to have the lccouling tambours suppoitcd inde¬ 
pendently Girdle pneumographs are unsatisfactory for tins purpose 
because they encircle the trunk and the resultant tiacing is a complex 
curve which includes movements of the vaiious muscles within the 
encircled zone. Tracings fioin localized aicas on the body wall 
are less ambiguous if they are made with tambours car lied by sup¬ 
ports not m contact with the subject. 

In this experiment a wooden fiame was constructed in xvInch the 
subjects stood during the speech recording. The back uptight of 
the frame was equipped with two adjustable hearing points (wooden 
blocks, T and L, Figuie 2) which were adjusted to suppoit the 
subject at two points, the thoracic and lumbar spine. "When the 
subject was placed in position and the supports adjusted, the body 
was firmly supported so as to prevent any backwaid movement An¬ 
other upright in front of the subject, consisting of a j4-mch pipe 
fitted to the edge of a 4-inch board, held tbe iccoiding tambours 
independently of the subject. The tambours could be adjusted to any 
position so that any localized area on the subject’s trunk could be ex¬ 
plored and the movement of that area recorded. The two uprights 
weie supported at bottom and top by boards and fiimly braced so that 
no lost motion occurred which would have interfered with the lecord- 
mg of the speech movements. The aica between the upnghls was 6 
feet by 26 inches. Figure 2 is a photograph of the cutiie apparatus 
with the subject in position, T.he entne apparatus was designed to 
avoid hampeiing the subject unduly and at the same time to fixate the 
trunk at critical points. 
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FIGURE 2 

l v ll 010 f,UAl*]l m 111 ] \ 1 > 1 MR\ 1 U& Willi A Sunjiu IN POSITION 


Flic ksinogi.iph and the siphon nspuatoi me shown on the table to 
die left l lie subject standi m position in the “Einmt” 

T ami L aie adjustable wooden blocks foi beating points at the thoincic 
and hmibat spine 

JO—the lace mask in position foi icmiding .in expelled fioni the 
monih (luting the phiasc 

CHS and HUf —tlustlc-lubc tainboms with bosses in position on the 
hmei sternum and incsngastnc aica foi lecoiding the movt' 
inents of the both wall at these two points 

Cl —negatn e ptessuic applicatoi in position in the cpigastue area foi 
il( mriing the syllable pulses 

'Pile ice in cl in H taitihoms wlucli tuii' applied to the hotly wall 
((7/AS’ and AM A Kimnc 2) wen thistle lulus nl the usual si/e, (he 
optii ends ot which weie covcied with thin luhhct d.tm, tightly 
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stietched. Coik bosses, 3 tins in Icnjillr .mil 2 tin* m ili.iim-u-i, 
WC ic glued to the center of these diaphi.iiiins Whin llu Mihitil 
was in position the tambouis we it* .uljusied to tin IwnU him "huh 
was to be expiated The bosses wue pn'sM-il against ihr ImiK "«dl 
until the uibbei diaplu .ignis weie Imced min llu uip <d the I histh 
tube about half the length of the bosses, 'I Inis, ,is the b"d\ wall 
moved in and out with the noim.il spmli inou minis, I tie bosses 
weie moved in and out, displacing llu* minimi ut an wuluu llu 
dosed lceoulmg‘•ystem, The picssuie cliangrs uithm the immlmg 
system weie tiansmitted to the smoked lecnul hv means ol pniu- 
inodciks dcsciibcd bj Hudgins and Stetson (2) 

An impoitant fcatuic of the pneumodnk is iliat n is equipped 
with a delicate phosphoi-bion/c di.iphiagin which is peimanent and 
docs not have to he leplnccd like the uibbei diaphiagm <>t the Main 
tamboui The constancy of the diaplu agm makes it piissihlt accu¬ 
rately to compaic tiacings of piessine changes made hum da\ to 
dav over a long peuod of tunc. 


A negative piessmc apparatus was used to mold llu s\llahli 
stioke of the chest muscles (7). An aluminum applicatm {CL, 
Figme 2) made fiom a mcdium-si/ed funnel (1 m m dtauutn) 
was shaped to fit the contoui of tlie body wall. 'I'lu* edges une 
flattened so that a flange 1 cm in width was in imilau with the 
body surface The applicatoi was connected hv means ol a tluck- 
wallcd rubbei tube to a specially made pncumndnlc (2) A second 
lubber tube was let into the system bv mc.ms of a "'I " lube and 
connected to a syphon aspualoi which piovulcd the negative pres¬ 
sure A negative picssuie of 30 to 40 ems of water is sunuient 
to hold the applicatoi fiimly attached Lo tlie body wa\[ 'Hie metal 
diaphragm suppoits the prcssuie on the iccouling end and transmits 
the piessine changes to the smoked dtum 
This appaiatus pi ovules a very delicate lecoulmg system Any 
pulse tiansmitted through the tissues to which the applualoi is 
attached is tiansmitted to the smoked ictoul. It is not the bulging 
of the surface beneath the applicatoi which gives the vanation m 
picssuie, instead, the flattened edge of the applicatoi, slightly em¬ 
bedded in the yielding tissues, is tin own oulwaid hv the pulse and 
the partial vacuum within the applicatoi is mu eased. Tin* id Hid¬ 
ing diaphiagm is thus di.nvn mwaid, moving the icumling neullc 
In addition to Li .icings of tlie breathing muscles, u. Kings wen 
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also made of some phase of the articulatory piacess. Air-pressure 
changes inside the mouth weie iccoidcd by means of a small metal 
tube which was placed in the corner of the mouth, and which 
leached behind the point of the consonant closure. The lumen of 
the tube was 1 mm. in diamctci. A rubbei tube connected the 
metal tube to the lecoiding pneumodeik. The tracing of air- 
picssuic changes just outside the mouth {AO, Figure 2) was made 
by means of a rubber mask cut to fit the contoui of the area around 
the mouth and connected to the lecording apparatus by means of a 
nibbci tube. This lubbei "mask" was ventilated, allowing the 
subject to bieathc and stdl record the piessuie changes in the air 
expelled in speech This is a familiar speech-iecoiding device (4, 
5). Air piessurc from the nose was iccoided by means of nasal 
“olives’' made familiar by Roussclot (4) and others. 

Time was recorded in 2-sec intervals on the lecords by means 
of a Jacquet chronoscopc 

Methods 

Two recoids weie made upon each kymographic sheet. A record 
consists of tlnee or four tiacings of the speech movements and a time 
iccord in 2 sec Two tiacings of the movements of localized areas 
on the body wall were taken from all subjects, a hating of the 
syllable stioke was obtained fiom all the male subjects used, and a 
tiacing of the atr-picsbiuc changes, eithei fiom the inside oi fiom 
the outside of the mouth. 

The tiacings from the body walls weie made with the thistle- 
tube tambouis and bosses One of these tambours was placed on the 
lowci sternum to iccoid the movements of the rib-cage at that point, 
the othci was placed in the mid-epigastiium to iccoid the movements 
of the abdominal wall at that point. When the negative pressure 
apparatus was used the abdominal record was obtained fiom a point 
lower down, eithei in the meso-gnstnc oi naval region The boss 
tracings give an accuiate tracing of the long movement of expnation 
dunng tile phiasc The latio of the actual movement of the body 
wall to the movement of the tiacing stylus is 1/5 foi both tracings 

The tiacings of the syllable stroke of the chest muscles weie 
iccoidcd by means of the negative-piessuie apparatus desenbed above 
Tiacings of the syllables not only show the scpaiatc syllable stiokes 
but they also show the ihytbmic grouping of the syllables within the 
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phrase. The syllable stroke can be recorded from .inv point on tlic 
chest wall or from the abdomen. In this experiment the upplicatm 
was placed in the cpigastiium foi convenience m lilting the mu fate. 
When the applicator is fitted to the chest wall each individual sub¬ 
ject requires a separate fitting due to the curved contoui of the rib 
surfaces. In using n large numbci of subjects the problem is sim¬ 
plified if the same applicatoi can be used foi ilifWnt subjects. The 
syllable pulse can be easily rccoided fiom the epigastric a mm (7) 

The tracings of the air prcssuics fiom the inside of the mouth 
show the rise of air piessure in the mouth as the aiticulatoiv oigan 
makes the consonant closiue. They piovidc a good icfeieucc poult 
for studying the other tiacings, and show how individuals handle 
mouth pressures foi voiced and unvoiced consonants 
Tracings of the an pressuic outside the mouth were made simul¬ 
taneously with most of the recoids. These tracings show a straight 
line for the consonant closuies and a lapitl use for the vowels. 
They provide excellent maternal for studying the articulation of tlu* 
various subjects; they also provide refcicncc points for the study of 
the other tiacings. 

The following test materials were used 4 . («) A nine-syllable 
phrase: "Bill paid Paul the pi ice of the pony.” {b) A seven-syl¬ 
lable phrase “Bobby, don’t boo at baby." (t) Phases of four and 
five syllables containing the same syllable repeated with a fixed 
accent on one syllabic such as. pup pup pup' pup (the accent was 
placed on different syllables during the tests) (d) Single sylla¬ 
bles spoken at normal rates using both the voiced and unvoiced 
sounds of the same consonant, alternated, such as: pup, bub> tut, 
dud, fufj vtiv; etc. 

The test materials were printed on cauls and placed so that the 
subject could read them as he spoke. Each subject was allowed 
to practice until he became familial with the phi axes befoic any 
actual recoiding began. 

1 he deaf subjects were all pupils of the Clarke School foi the 
Deaf at Northampton, Massachusetts. All of the pupils in the giatn- 
mav department and the three upper grades in the intcimediate 
department were used, Sixty-two subjects were used in all, IQ 
girls and 32 boys The ages langcd fiom II to 20 yeais at the 
time the records were taken 

The deaf subjects were divided into three gioups (A, B, and C) 
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according to their degree of deafness as determined by the 2A Au¬ 
diometer. Group A consists of 10 haul-of-hcaring pupils, two boys 
and eight gills, ranging in age from 11 to 19 years The indi¬ 
viduals in this group have a hearing-loss of not more than 45 deci¬ 
bels Eight of them are classified as "born deaf M Group B is 
composed-of a gioup of 12 pupils, six boys and six girls, ranging in 
age from 13 to 20 years Eleven of this group are classified as 
"bom deaf ” They have a hcaiiug-loss of not more than 70 deci¬ 
bels. Gioup C is the largest group. It consists ol 24 boys and 15 
girls innging in age fiom 13 to 19 ycais. Ninety pei cent of them 
were either born deaf or became deaf before the age of two years 
They all have a hcaiing-loss of 70 decibels or over Tlnec subjects 
of this group became deaf at the ages of 8 to 10 years, their records 
aic included with the others of Group C 

All of these subjects have been in schools for the deaf as much 
as two years and most of them have been m such institutions since 
five oi six yeais of age. They have been taught speech and lip- 
leading along with then othei studies and are not allowed to use 
any other form of communication. 

The subjects were not hampeied by the apparatus; after a bircf 
training pci rod the deaf subjects learned to speak “naturally” with 
all the pints adjusted, Each subject returned foi at least two 
expenmental periods of half an horn each, not less than 15 phrase 
records were obtained from each individual. The subjects were 
bio right into the expci micntal room and shown the apparatus one 
at a time. Each was told merely that the purpose of the experiment 
was to "find out how you talk,” 

The normal group consisted of 25 chilthcn and adults, ages rang¬ 
ing from 10 to 28 yeais; 12 males and 13 females The group 
consisted of boys and gnls front the Smith College Day School, the 
Noimal Teachers Tianting Class of Clarke School, and several 
adult fnends of tire writer All of them knew the purpose of the 
experiment. 

The recoids weie measured for length of the phrases (time) and 
the amplitude of the phrasing movements of both the chest and the 
abdominal tracings. The amplitude of these tiacings, i.e., the per¬ 
pendicular distance between the pomt on the tiacmg when the 
phrase begins when the lungs arc inflated, to the lowest point leached 
in the expiratory movement for that phrase, is taken, as a relative 
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measure of the amount of breath expelled during the phiase. The 
amplitude was measured in millimeters. Since two pillaging tracings 
were made simultaneously the mean amplitude of these two ti .icings 
was taken as the measure, The sum of tiiesc two mc.isuics might 
well have been used since they rcpiescnt deflation of the lungs by 
two distinct sets of muscles, ie, the abdominal dinplnagin.itic oppo¬ 
sition, and the intcrcostals. But the mean is equally ichabic as a 
measure since eithci measure must 1 epic sent the 1 dative and not llu* 
absolute quantity of bicath used Two thousand phiases ueie meas¬ 
ured The phrase measurements, time and amplitude, weic licaled 
separately for each phiase length and foi cadi separate gioup of 
subjects 

In addition to the time and amplitude measurements it be¬ 
came desirable to obtain a measure of the late of an flow pci second 
per syllable. In order to obtain such a measuic both the time and 
the amplitude must be included and also the number of syllables 
in the individual pluase, The following method was used The 
amplitude of the individual phrases was divided by the time foi that 
phrase, The quotient was then divided by the mimbci of syllables 

A/T 

The formula may be represented thus: -. A is the ampli- 

N 

tude, T is time, and N is the mimbci of syllables in the phrase. The 
simplified formula appears as A/TN. This indicates the rate of air 
flow (movement of body walls) per second dm mg the syllable. It 
will be called, for convenience, the "cxpiratoiy index, M or El. 

The figures shown in the experimental section are photographs of 
the kymograms made by using the “black sheets'* themselves as nega¬ 
tives The background has been cleared by ictouching in some cases 
but in no case have the tracings themselves been ictouchcd. 

Results 

Records from individuals of the several groups of subjects will be 
presented first and discussed in older to show the various types of 
coordinations found. These will be followed by a statistical sum¬ 
mary of the quantitative data obtained fiom the large group of 
records studied 

The Phrasing Movement. The phi ashlg movements of the noi- 
mal group show a rather uniform type of coordination for all the 
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pluascs used Tlieic is a quick intake of bieath which is followed 
by «t giad uni tnwaid movement of the cliest rind abdominal walls. 
The time required foi the repetition of each phiasc and the ampli¬ 
tude of the phi wing movement shows a small range of distribution 
for the entire noiinal gioiip, (See Figures 18 and 19.) The lecords 
fiom the tluee gioups of deaf subjects, on the other hand, show a 
gicat deal of v.u lability both in the time required foi the pluascs 
and the amplitude of the phasing movements. Thcie are two 
general types ol phiasing coordination found among the deaf sub¬ 
jects* Fust, the entue pin use assigned may be spoken on a single 
bieath, in which case the tiacings fiom the abdominal and chest walls 
have a veiy huge amplitude indicating cxtiemely large expenditure 
of breath foi that phiase. Secondly, the phrase may be broken up 
into smaller phrasing movements, winch means that the subject was 
vuublc to repeat the entue phiase on a single bieath This is espe¬ 
cially tiue foi the nine- and the seven-syllable phiascs Sample 
iccoids fiom noimnl and deaf subjects will clearly lllustiate these 
types of phiasing movement 



P2 T-2Q8 


FIGURE 3 


ICymogriVm ar riw Ninv-Syiiaiile Phrase Spoken by a Normai 
Subject, Ten-Year-Old Girl 


AO —tracing of the an piessmc nut outside tl\e raouth The straight- 
line poittons of the tiacing indicate the consonants, the rise between 
consonants indicates the vowel Inspnation is indicated by the 
“dip” in the tracing between phrases 
CBS —tracing of the movement of the chest wall taken fiom the lowei 
sternum The movement is smooth and regular foi the fust 
phiasc with a slight incgulnuty tn the second 
BE —ti reing of the movement of the abdominal wall taken at the epi¬ 
gastric level The long slow movement of the phrase is clear 
The stLoml phiasc shows a slight uicgulailty in the lattei part 
Time is iccoidcd in 2 sec 
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Kymogram or the Ninb-Syuadi b Phrase M*om n by a IH’ai Hoy 
(Group B), Age 16 Years 

AO—t racing of the air pressure just outside (he mouth 1 xtr.i llaliles_ 
are added at two points in tins phrase “put da Paul" and “o va 
the pony’ 1 

CBS —tracing of (lie movement of the chest wall taken at the lower 
sternum The movement is somewhat larger linn the normal 
phinsmg movement 

BM —tracing of the movement of the abdominal wall taken at the epi¬ 
gastric level 

Time ia lecordcd in 2 see. 

Figure 3 is a record of the nine-syllable plnasc spoken by ,t noinul 
hearing girl, age 10 years. The time icquncd for each of the 
phrases is 2.2 secs. The avciagc time foi the entire noinul group 
for this phrase was 2.4 secs. Theic is a slight irrcgulanty m the 
tracings from the body wall in the second plnasc, but the movements 
on the whole ate uniform. The amount of descent of the timings 
CBS and BE is an indication of the relative amount of bicath ex¬ 
pelled for the phrase. Figuic 4 is a record of the same phrase spoken 
by a paitially deaf boy, age 16 years, Gump B. In contrast to 
Figure 3, the time required foi tins phrase is 3 2 sees,, and the 
irregularity of the tracings CBS and BM is noticeable. The ampli¬ 
tude of the expiratory movements for the plnasc is larger than that 
of the normal subject in Figure 3. Instead of nine syllables the 
subject actually speaks a plnasc of eleven syllables since he adds two 
extra syllables to each phrase. The phrase as spoken by tins subject 
becomes* "Bill pai da Paul the price o va the pony.” The AO turn¬ 
ing shows the piolongcd vowels and the heavy aspnation of Inealh 
at the release of each consonant. 
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Kymogram of the Nine-Syilahlu Phrasf Spoken dy a Very DEAr 


Male (Group C), Age 15 Years 

AO'— tracing of the mr pleasure just outside the mouth The subject 
is using only releasing consonants ns is indicated by the addition of 
extra syllables between abutting consonants The sharp rise at 
the release of each consonant Indicates the high aspnation of 
breath 

CHS —tracing of the movement of the chest wall taken at the lower 
sternum The movement for the entuc plnase is extremely large 
and megulni, lacking the smoothness of the noimal subject (Fig¬ 
ure 3) 

1JM —tracing of the movement of the abdominal wall taken at the meso- 
gastne level The movement is slow and irregular, Indicating 
undue tension in the lectus muscle The Iflige amplitude of these 
two phinsing movements indicates the excess amount of bieath used 
foi the phrase. 

Time is recorded in 2 sec 
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The veiy deaf subjects (Group C) still furthci exaggerate the 
movements of expiration in the execution of the phiase, us is indi¬ 
cated by the tracings m Figures 5 and 6 Each of these subjects 
requiie 4 secs for the pluase Each of the tracings CHS and HR 
(or BM) show that the muscles me under heavy tension. Theie 
are small “tremor” movements throughout the tunings, The am¬ 
plitude of the movements is cxticnicly huge foi this pluase, which 
indicates that a great deal moic bicath is being used by these sub¬ 
jects than was used by the noimal subject In each of these rccoids 
extra syllables aie added to the pluase at points between abutting 
consonants, and the pluase is spoken* "Bill pai da P.iu la the price o 
va the pony,” 



Kymocram of the Nine-Syllahi e Phrase Spoken dy a Diai Hoy 
(Group C), Acp 13 Years 

AO —tracing ot the air pressure just outside the nioulli The subject 
breaks the long phrase into three distinct short phrases, The intake 
of breath for each phrase is indiented by the "dips" below the 
hase line between phrases, 

CBS —tracing of the movement of the chest wall at the lowci sternum 
Three short phrasing movements are indicated in this tracing 
The sudden rise corresponding to the intake of air is followed 
by the more gradual movement of expiration, 

BE —tracings of the movement of the abdominal wall at the epigastric 
level The three phrasing movennnts are clearly indicated 
Time is recorded in 2 sec 

Figures 4, 5, and 6 were all spoken on a single breathing (phras¬ 
ing) movement. Figure 7 shows a type of speech charactetized by 
a lack of pluasing, winch is rather common among the veiy deaf 
subjects In Figure 7 the same phiasc (nine syllables) is biokcn 
up into three smaller phrases. The cntiic pluase retinites 5 secs. 
The drop below the base line in tracing AO indicates the points at 
winch the subiect replenished his bicath supply, Couespomling 
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FIGURE 8 

KYMOC.RAM OI 1 HE Sn r CN-SYII ADI E PHRASE SPOKEN BY A HARD-QF-IlEARKtG 
Girl (Group A), Age 14 Years 


AO —tracing of the air pressure just outside the mouth No extra syl¬ 
lables occur, the tracing is similar to that of the normal subject 
(Figmc 3) 

CBS-— tracing of the movement of the chest wall at the lovrei sternum. 
Note the smooth descent of the movement The amplitude is 
small, indicating that the phiase is spoken with a minimum bieath 
expend iluic 

BE —ti.icing of the movement of the abdominal wall at the cpigastile 
level BE and CBS have the same small amplitude 

Time is iccouled in 2 sec 

points on the tlacings CBS and BE also indicate the end and the 
beginning of a new breathing movement. Extra syllables aie added 
to the phiase at points indicated below the tiacing AO, 

A somewhat moic normal type of speech is reptesented by Figure 
8, a recoid of the seven pliable phiase spoken by a hard-of-healing 
girl, 14 ycais of age, Gioup A. The tracings CBS and BE show 
the smooth easy cooidination which characterizes not mat speech No 
extia syllables occui between the abutting consonants The phrase 
is spoken “Bobby, don’/ioo afiaby.” The time requited for the 
phrase is 2.0 secs. 

Fiom the above tecoids it is clem that the deaf child shows a type 
of bieathing movement in the execution of a given phrase which 
results in a veiy extensive loss of bieath. The immediate results 
of this type of speccli aie that it becomes Iaboied, aihythmic, and 
“bicatliv” The vowels arc piolonged and m consequence muti¬ 
lated. Tile addition of extra syllables to the given phrase adds to the 
difficulty of compichenchng the meaning of the phiase. 

It is possible to account for some of the excess loss of bieath in 
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three ways: (rf) The prolongation of the vowel icqnircs more bicath 
than is used when the vowel is spoken normally and the speech is 
more difficult to understand because the vowel is mutilated by pro¬ 
longation ( b ) The adding of extra syllables ,U points whcic con¬ 
sonants abut between syllables adds to the bic.itb expenditure and 
introduces extra elements to the rhythmic grouping of syllables within 
the phrase. (t) The high chest prcssuie with which the deaf speak 
leads to an excess expenditure of lneath at the release of each 
consonant. This is indicated by an nbnounally high aspnation of 
air before the vowel begins. (Sec siO tiaemgs, Figures 4, 5, 6, and 
7.) This high air picssure m the chest not only adds to the loss of 
breath but it makes the speech breathy. 

These abnormalities of phrasing aic directly corielated with the 
degree of hearing loss, The length of tune required for a given 
phrase, the amount of breath expelled during the phiasc, and the 
other defects mentioned all increase in severity with an increase in 
hearing-loss. (See Figures 18 and 19 and Statistical S inn nun y of 
Phrase Data } pp. 34-43.) 

Rhythmic Giouping of Syllables in the Phiasc The gioupmg 
of syllables in the pluase and the amount of sticss upon individual 
syllables determine the speech ihythm The rate of uUeiaiice is also 
a large factor in rhythm; syllables spoken at a slow rate lose all 
semblance of rhythm and such speech becomes monotonous. The 
grouping of syllables into ihythmic feet is lather cleai cut in spoken 
English; unusual forms of grouping, misplaced accents, and slow, 
labored utterance constitute imperfect speech which is veiy difficult 
to understand The deaf subjects studied in this papci aie inclined 
to do all three of these things. Those who have even a small amount 
of residual hearing are able to attain a ihytlmuc flow which is more 
like that of normal speech than that of the exticmcly deaf gioup. 
Those subj'ects who lost their bearing aftci they had learned to 
talk, even though the loss is practically complete, retain their normal 
speech rhythm and speak with a fluency which is ncvci found among 
the congenitally deaf. This is good evidence foi the fact that 
rhythm is not a question of sounds but rather one of movement, the 
control of which may continue when the pciccption of the sounds 
produced by those movements no longci occurs. A study of the 
kymographic recoids will show something of the lhythmtc grouping 
among the individuals of the several gioups studied. The ti.icing 
of the syllable pulse as recorded by the negative prcssuie applicator 
(CE) gives an excellent record of the syllabic grouping. 
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FIGURE 9 

Kymooram or thp Seven-Syllabte Phrase Spoken hy a Normal 
Hlaring Boy, Age 13 Years 

The record shows the normal rhythmic giouping of syllables 
m the phrase 

AO —tracing of the mr piessuie just outside the mouth. Note the straight 
line for the abutting consonants - nlb~ and -/£>- 

CBS —tracing of the movement of the chest wall taken at the lower 
sternum. 'I lie form is regular 

BM —trneing of the movement of the abdominal wall at the mesogastne 
level The tmemg shows the word accents 

Ch —tracing of the Individual syllable pulses in the phrase taken at 
the epigastric level The grouping of the syllables into rhythmic 
feet is clearly indicated, The symbols below the tracing indicate 
the rhythm 

Time is recorded in .2 sec 



FIGURE 10 

Kymogram oi the Seven-Syilahi e Phrase Taken rutm a Profoundly 
DEA r I3o\, Age 1+, Who Losr His Hearing at thi: Age or 10 Years 
AO —tracing of the air picssure just outside the mouth This tiacing 
foi the fust phrase is not clear because the subject did not hold 
the "mask’' tightly on the face 

CBS —tiacing of the movement of the chest wall taken at the lower 
sternum The movements were irregular but of low amplitude. 
fljU —tiDCtng of the movement of the abdominal wall taken at the meso- 
gnstnc level The syllables aic indicated in tins tiacing. 

CV .—tiacing of the syllable pulses taken at the epigastric level The 
grouping of the syllables is cleai , the rhythm is noimnl 
Tunc is lecottled in 2 sec 



24 


CLAREitfC£ V’. HUDGINS 


Figuie 9 is a kymogiaphic record of the seven-syllable phrase: 
"Bobby, don’t boo at baby.” The phiasc was spoken by a boy of 

13 years with normal hearing. The phasing movements, CBS and 
BM, are normal; there is some indication of the syllable strokes in 
BM. The phrases were spoken at normal speed (ca. 2.2 secs, per 
phrase). The grouping of the syllables is shown in the tracing CE 
The uniformity of the syllable giouping in this tracing foi the two 
phrases recorded here is apparent The rhythm of the phrase is 
-JJ-J - ( with the heavier accent on the initial syllable as indicated 
by the extent of the syllable stioke. 

Figure 10 is a kyomgiain of the same phrase spoken by a deaf boy 

14 years of age, who lost hearing at the age of 10 The tiacings 
of the phrasing movements aic slightly iriegular and the time is 
somewhat slowei than that of the two normal subjects (2.4 secs ), 
but the rhythmic grouping of the syllables (C'E) is identical with 
that of the normal subject in Figure 9 Figure 11 is another 
record of the seven-syllabic phiasc taken from a male subject, age 16 



FIGURE U 

Kymocram or the Seven-Syli adi e Phrasg Spokfn nv a Fartiaiiy Peat 
Boy (Group B), Age 16 Years, Who Became Dfaf at thi» 

Ace of Three and One-IJaif Yfars 

•^0 tracing of the air pressure taken just outside the mouth The sub- 
ject adds an extra Syllable in the first phrase ,l a to bnhy 11 
CBS- tracing of the movement of the chest wall taken at the lower 
sternum The tracing is normal 

BM —tracing of the movement of the abdominal wall taken at the meso- 
gastric level, The syllable pulses arc dimly indicated m the 
tracing 

CA—tracing of the syllable pulsci taken at the epigastric level. The 
grouping or the syllables is clearly shown in this tracing 'The 
rhythm is normal with the exception of the extin syllable m the 
nrst phrase. Ihc final syllable in each phrase is weak 
lime is recorded in ,2 s(;e. 
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years, wbo became partially deaf (Group B) at the age of 3 l /z 
years. The tracings of the phiasing movements are normal, BM 
reflects the syllable stiokes CE shows the grouping of the syllables; 
in the first pluase the subject added an extra syllable which modified 
the i hytlrm, but in the second the rhythm is noimal. The time re- 
tjuiicd foi the pluase is also noimal, 2.0 secs. 

Figure 12 shows a phrase in which the syllable grouping is noi- 
inali but the phiasc accent is abnoimally heavy, The phiase was 
spolccn by a 16-ycar-old boy, Gioup B, classified as “congenitally 
deaf." Thcic is an extra syllable added to the second phrase in the 
figuie. Tins pluase was spoken The fourth 

syllabic in each phrase has an extra heavy accent wluch is indicated 




Kymogram oi thp Styen-Syllaele Phrase Spoken hy a. Dew Boy 
(Group B), Aon 16, Showing the Grouping or the 
Syllables in tiic Phrase 

AO —tiacing of the air pressure just outside the mouth The tracing 
Is nearly like those from normal subjects, in pluase 4 the subject 
added an extra syllable between the words “at (n) baby" 

CBS —tracing of the movement of the chest wall taken at the lower 
sternum There is only n slight movement for the entire phrase 
The heavy phiase accent is shown in this tracing 
BN —tracing of the movement of the abdominal wall taken at the navel 
level. The movement is of small amplitude with the heavy phrase 
accent showing, 

CE —tracing of the syllable pulses taken at the epigastric level, The 
rhythmic grouping in the pluase is that of noimal speech with the 
exception of the abnoimally heavy accent oil the fourth syllabic 
in each phrase, 

Tunc 19 rccoicled in 2 sec 
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by the amplitude of the syllabic stroke 
speech. 

In contrast to Figures 9 and 10, 


The time is th.it of normal 


winch arc the normal phrase 



Kymogram or we Seven-Syij aoi p Phrase Spoken ny a Peas Hoy (Group 
C), Ace 13, Showing tiie Rhythmic Grouping oi iup Sviiaiiips 

/IO —tracing of the air pressure just outside the month Note the lienvy 
aspiration of breath for the vowels Extra syllables arc added at 
one point in each phrase. 

CBS —tracing of the movement of the chest wall taken at the lower 
sternum level. The movements me smooth and regular 

BM —tracing of the movement of the abdominal wall taken at the meso- 
gastnc level. The syllable pulses arc reflected in this tracing 

CE —tracing of the syllable pulses taken at the cpigastnc level I ach 
syllable receives practically the same stress, ilic speed) is vciy 
monotonous, 

Time is recorded in .2 see. 


rhythms, Figures 13 and 14 represent the type of speech jhythms 
found in the extremely deaf gioup. Figuic 13 is n kymogiam of 
the seven-syllable phrase spoken by a congenitally deaf bov of 13 
years (Group C) The heavy aspiration of bicatli after each 
consonant is indicated m tracings AO Extia syllables aio added at 
one point in each phrase. The syllabic grouping is as follows. 
• - — - - — The time foi each of the two phases is above 

the normal time for this phrase, 2.8 secs. Figuic 14 is a iccoitl 
of the same phrase spoken by a male subject, Gioup C, age 19 
years The syllabic grouping is difteient from any of the recotds 
presented above. Two extra syllables ;uc added to each pliiase at 
points where two consonants abut (See timings AO and CE ) 
The rhythm of the phrase as indicated by the CE tiacing is. - - 
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ginning the normal rhythms of speech and the grouping of syllables 
into phrases with accents. 1 he lack of fluency in the speech of the 
deaf subjects studied in this papei foilmls any semblance of normal 
rhythms as they occur in speech. Hut the fact remains that syllables 
are giouped about an accent. The gioupmg is an unusual one and 
in some eases not unlike that often heard among foieigneis learning 
English, they may have the conect sounds foi the words but lack 
English rhythm. Such speech is difficult to undcistand. 

The Movement of the Consonant in the Speech of the Deaf. The 
impoitancc of the jnoper function of the consonant movement and 
the consequences of the failure to recognize the ancstmg and leleasmg 
function of consonants m speech stand out rathci clc.uly in the speech 
of the deaf. The failure to distinguish between the leleasing and 
the arresting consonant is one of the major defects in the speech 
of the deaf subjects studied in this paper. Among the results of 
such a defect are extra syllables, either vocali/.cd oi whispcicd, added 
to the phrase, waste of breath as a lesult of the extra syllabic 
between two abutting consonants; an incicasc in the time requited 
for the repetition of a given phiasc; bicaking-up of the noimal 
rhythm of the phiasc with its effect upon the intelligibility of their 
speech. 


AO/ 




y by do flt ( a ) poo 

AG 7-330 


Bo b y d QaihooathO by flobvdo n/Zgoo aHjtlby ’ T- MS 


FIGURE 15 

Composite Kymogram of Air-Pressure Tracings Just ouiainn nip Mourn 

DURING THE SeVEN-SyI I ABI E PilRASE 


The upper tracing [AO-1) was taken fiom a very deaf subject (Group C) 
and the lower tracing was taken from a normal adult speaking 
the same phrase 

AO-1 —the tracing from the deaf subject shows the heavy aspiration of 
breath following the release of consonants ami extra syllables 
added at points indicated below the tracing The subject was 
using only releasing consonnnts 

AO-2 the tracing from the normal subject shows that the phiasc was 
spoken with less aspnatton of breath for the vowels. Sti night 
lines in the tracing indicate that the abutting consonants were 
properly handled; no extra syllables were added at these points 

Time is recorded in .2 sec. 
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Finnic IS contains two tracings of the air just outside the mouth 
foi the same plu.tsc (the seven-syllable pluase used throughout the 
study). The uppci recoid was obtained from a deaf subject (Gioup 
C), with a simultaneous time rccoid in ,2-sec. intervals, Immedi¬ 
ately beneath it is the record of the same phrase, with the time 
record, spoken by a noimal subject It will be observed that an 
extia syllable appeals between the tliiid and fourth and between the 
fifth and sixth syllables in the uppci iccoid In the noimal lecoid, 
just below it, there aie no cxtia syllables; the tiacing at those points 
becomes a straight line during the closures of the consonants -»/&-, 
and -tb- The lips close in picparation foi the back stroke of the 
releasing /;- in both cases while the tongue is still in position foi the 
arresting consequently no Incath is allowed to escape between 
them. It is of intci cst to note the difference in length of the two 
consonant gioups in the uppci and lowci records. In the upper 
iccord -»*£>-, with the vowel between them, leqinrcd 4 sec, while 
the same sounds in the lower iccoid required about 2 sec. Aside 
fiom the loss of time in the uppci iccoid at these two points, the 
deaf subject is ic.illv adding two extra syllables to the phrase 
Fiequently these extra syllables arc vocalized. The subject has not 
learned the iclcasuig-aiicsting functions of consonants. Every con¬ 
sonant in the pluase is a i el casing consonant as he utters it. 

In oidci to have noimal speech it is essential that the releasing- 
aitesting function of the consonant be mastered. The boundaries 
of syllables in spoken English often fall between the arresting con¬ 
sonant of one syllabic and the icleasing consonant of the next. 
When both of these consonants are given as leleasing consonants an 
exti.i syllable occuis between them When two syllables are joined 
by linking consonants winch aie identical they aie said to be double 
consonants, as in “boo/rase," "tliaf /able," “so me money,” etc. When 
the two consonants winch join two syllables aie difieient they are 
said to be an abutting pair, as in “fi/Zccn," "blacX’ioard," 
“goo d wioining," etc Fiequently consonants appeal in pans or 
even in thicc’s which arc neither doubles nor abutting consonants, the 
entue group functions as a single consonant eitliei in the releasing 
oi in the attesting position Such sounds are said to be compound 
consonants, as in “y//cct," “i/ack,” “a/>/,” etc Compound 

consonants function as a single consonant movement, the time le- 
quned fm them is well within the range of that requned foi single 
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consonants. [See Roussclot (4, vol II, PP- 919-968) and Stetson 
(7, pp 119-134).] Double consonants and abutting pairs require 
more time (nearly double the time for single consonants) and con¬ 
sist of two distinct movement cycles although the back stiokc of the 
arresting member appeals as a relaxation of the muscles; and the 
beat stroke of the iclcasing member of the pan is made an bile the 
articulatory member is in contact with the opposing surface (5, pp 
65-119). 

Frequently the meaning of an entire phrase depends upon the 
proper handling of the consonants In the phi uses an aim, and a 
name , the sounds used aie identical, The meaning depends upon 
the consonant w’s functioning in the ariesting position in the first 
phrase and in the releasing position in the second. Foi instance, such 
phrases as this stai, this tai, the stai; this Ham and the siiain, a 
pill and up hill ; a tease and at ease, all depend for their meaning 
upon the proper handling of the consonant movements. 

Voiced and Unvoiced Consonants m the Speech of the Deaf. 'Flic 
most obvious distinction between the stops p and h, t and d, l and g, 
as these consonants are hemd in noini.il speech, is the silence during 
the closure of p, t, and k, as contiasted with the voicing during 
the closure of h, d, and g The question is* IIow is it possible for 
air to how through the glottis to pioducc tins voicing while the 
vocal canal is closed by the aiticulation. In the ease of the unvemed 
stops, p , t , k , the articulation stops tile vocal canal, the picssuic in 
the mouth rises immediately to the level of the picssmc below the 
glottis, and no sound is produced But in the case of the voiced 
stops, b, dj g, it is obvious that the picsxurc in the mouth uses so 
slowly that a small amount of an Hows thiough the glottis to pioducc 
voice during the consonant There is some compensating movement 
which enlaiges the oral cavity duiing the closure of the voiced stop. 
The precise nature of this compensating movement is in dispute 

In the case of the voiced and unvoiced continuants, s, z, etc , the 
orifice of the articulation is controlled so that the pressuie in the 
mouth is always less than the pressuie below the glottis for the voiced 
continuant, and so that the ptcssuic in the mouth is always equal 
to that below the glottis for the unvoiced continuant. 

The vocal cords themselves cannot be the regulating agency foi this 
distinction between voiced and unvoiced consonants because it is 
quite possible for laiyngectomizcd subjects speaking with an aitifici.il 
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laiynx, m which the air ptessures alone can be controlled, to produce 
all the voiced and unvoiced consonants. 



pup bub pup bubs T-40da 

FIGURE 16 


Records or Air Pressure inside thf Mouth during the Articulation 
or Voiced and XJNvoicrD Consonants 

The tracings were made by means of the smalt metal tube inserted in 
the corner of the mouth which iccords the air pressure dining the closure 
of the consonants 

—tracing of the "inside ah pressure" of a deaf gul (Group C), 
age 17 yen is, while speaking the syllables pup and bub alteinat- 
mgly. There is vciy little diffeience between the voiced and the 
unvoiced forms. The piessure rises higher for the "voiced" b 
than for the unvoiced p Compare these tracings with A-2 below it, 
/f-2'—tracing of the “inside air pressinc" taken from a normal male adult 
while speaking the same syllables simultaneously with the subject 
in A-J, Note the difference in the shape of the tracings, nlso the 
height. Ah the lips close for the f the pleasure rises rapidly to 
□ peak The use of pressure for the b is slower and the rate of 
rise changes dming the closuie, as indicated by the inflected form 
of the curve The voice vibiations are clcaily indicated in the 
b tracings There is a distinct difference between the tcleasing 
and the arresting consonants 

A-2 —tiacing of the “inside air pleasure 1 ’ taken from a laryngectomizcd 
subject speaking the same syllables with an artificial laiyn'c Even 
though the subject cannot control the glottal opening of the instru¬ 
ment, lie is able to make the dimactcristic distinction in pressures 
foi the voiced and the unvoiced sounds 
Time is recorded in 2 sec 

Tracings of air piessure within the mouth dunng the consonant 
closutes fot such syllables .is pup, bub, tut } ant) dud show that the 
prcssuie does not use as high in the mouth fot the voiced consonants 
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as for the unvoiced consonants. Figuie 16 is such a record. Tlic 
normal tracing, A-2, shows the subject repeating pup and bub alter¬ 
nately. The air pressure for the p rises quickly to a maximum and 
no vocalization is apparent; while the tracing of the b shows a more 
gradual rise and the pressure docs not icach the high level of the 
unvoiced p The “inflected” form of the tracing foi both the 
releasing and the arresting b is ail indication of some compensatoiy 
factor which retards the rise of picssurc in the mouth, and the 
resulting air-flow sounds the vocal cords during the voiced stop 
On the same record A~l t a deaf subject (female, age 17 years, 
Group C), was repeating the same syllables simultaneously with the 
normal subject It is deal that no such distinctions in the form 
or height of the tracing appear The an picssuic uses to a gieatci 
height during the closuic of the b than that of />. No vocalr/ations 
occur A-3, in the same figure, is a similar lccoid taken fiom a 
laiyngcctomizcd adult who was speaking with an aitifici.il larynx. 
The same geneial forms of the cuivcs aic apparent as those found 
in the normal tracing. The difference in aii picssiues in the mouth 
during the two types of consonants could have been achieved only 
by the manipulation of the mouth and chest picssuics, since the sub¬ 
ject had no direct control over the glottal opening of the artificial 
larynx. 

The deaf subjects, especially those in Gioups 1J and C, all fail 
to make the distinction between the voiced and unvoiced slop 
consonants. Frequently they aic understood when speaking be¬ 
cause of the context, but when they icpcat alternately syllables with 
voiced and unvoiced sounds, such as those mentioned above, it is 
impossible to distinguish between the sounds as they arc heaid. 

Nasality m the Speech of the Deaf One of the most constant 
defects in the speech of the deaf subjects studied m this suivcy was 
that of nasality. This defect occuircd not only as an excess of 
nasal resonance duimg the vowel but also as a leakage of air through 
the nose during the consonant closure In its extreme form, the lack 
of control over the soft palate during the speech piocess icndeis the 
speech of the deaf not unlike “cleft-palate speech ” All consonants 
become nasal and, therefore, contmuitives; clcai-eut stop consonants 
become impossible Recoids of this air-flow through the nose weie 
taken on a large number of subjects by means of the nasal “olives ” 
The records show that nasality is a common defect in the spcecli of 
the deaf, especially among the profoundly deaf group. 
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Normal subjects learn to control the action of the soft palate in 
speecli by the sound of the voice, the action of the velum in closing 
the nasal passage becomes automatically coordinated into the entire 
speech pioccss and no difficulty occurs, The deaf subject has no 
sucli cue as the “sound” of his voice and thercfoie finds it very 
difficult to contiol the velum Once this cuntrol is established, 
howevci, it is no longer dependent upon the sounds, as is demon¬ 
strated by the fact that subjects who become deaf after they have 
learned to speak do not show any lack of velum control. 


-Ll J I v 




pompo pojnpc? pomp a pomp a parnjpQ ponipa . 
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FIGURE 17 

Kymocram of hie Word 'Tampa” Spoken by a Deaf Boy, Age 17 Years, 
ano dy a Normal Male ADULr 

Tiacings from the nose and air piessure from the mouth wcic taken, 
Nose-2 —tracing of the an pleasure fiom the nose of the noiDial subject 
There is a bnef flow of an immediately preceding the closure 
of file initial p but it is immediately stopped during the closure 
of this consonant Thcic is the usual How of air from the nose 
foi the nasal tn which ceases at the closuie of the abutting p 
A-2 —tiacing of the ail picssme inside the mouth taken simultaneously 
with Nose-2 above The tracing shows the usual foim for the 
two p’$ but no piessuic foi the in 

Nose-i —tracing of the air piessure fiom the nose of the deaf subject 
while speaking the word "pampa ” The tracing shows unmistak¬ 
ably that theie is little contiol ever the soft palate, for the breath 
(lows fiom (he nose foi all the sounds in the woul The tracing 
is almost identical with A-l below, as if they were taken fiom a 
common picssme chambei 

A-i —tracing of the air picssme insulo the mouth taken simultaneously 
with Nosc-t above This tracing shows the same forms foe the 
individual sounds of the wo id as the nose tinting 
Simultaneous points arc cheeked on the tracings 
Time is rccoidcd in 2 sec 
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Figure 17 shows air-prcssuic tracings taken from the nose and 
mouth of a noimal subject and of a deaf subject while repeating 
the word pampa. The word was chosen because of the abutting 
consonants mp, one of winch is a nasal sound and the other is a stop 
consonant, requiring the opening and closing of the velum 1 he 
tracing fiom the mouth, /i-2, the noimal subject, shows the rise of 
air pressure during the closure of the p’s, while duiing the closuic 
for the m this tiacing shows only voice vibiations with /eio pressme 
Correspondingly, the record fiom the nose {Nose-2) shows no an 
flowing during the p’s, but indicates the flow foi the nasal /«. The 
slight flow which piecedcs the initial p in pampa is due to the rapid 
closure of the velum as the bps close The tracings J-l and Nose-1 
were taken from a deaf subject, male, age 17 years, Gioup C, while 
repeating the same word. This lecord was selected because it shows 
the extteme foim of nasality, both tiacmgs A-l and Nose-1 are strik¬ 
ingly alike, as if they were taken from the same picssuic chamber. 
And, indeed, that is what happened, for tlietc is obviously very little 
action of the soft palate and the "olives” in the nose and the tube in 
the mouth were "tapping” a common aii chamber. Such extieme 
lack of velum contiol is unusual among the gioup of subjects studied, 
but many of them show, m a lesser degree, that nasality is a common 
defect. 

Statistical Sitmmaty of the Phase Data . Moic than two thous¬ 
and phrase rccoids were incasuied for all the subjects used m the 
experiment. Three sets of quantitative data weic obtained. («) 
the time, or duration, of the phrases of diifcicnt length, (b) the iela- 
tivc amount of breath expelled pei phrase as mcasuied by the 
amplitude of the plnasing movement; and (r) the rate of air-llow 
per syllable during the pbiasc, as measmed by the l.itc of inward 
movement of the body walls duung the phrasing movement. 

The summary of these data clearly indicates that theie is a decided 
correlation between the dcgiec of hearing-loss of the deaf subjects 
and the time required for the repetition of a given phtase and the 
amount of breath expelled during that phtase The data of those 
who have the least amount of hearing-loss coincide most ncaily 
with that of the normal group. The data for those who aie pro¬ 
foundly deaf fall farthest away fiom the normal; while the data 
of the intermediate groujr fall between the two extiemes, (Sec 
Figures 18 and 19.) The amount of icsidual hearing, ihcicfoic, 
becomes an important factor in the ability to learn to speak by 
present methods of teaching. 
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FIGURE IS 

Distrirution Curves of the Time (in Seconds) Required tor Repeating 
the Nine-, Seven-, and Four-Syli abll Phrases by the Four 
Groups op Sudjlcts 

The disti ibutions of the nounal data aie placed at the bottom Groups A, 
B, and C mu arranged above accoichng to the degicc of hearing-loss The 
means of the normal chstiibutions aie extended upward tluough identical 
points on the base lines of the othci distributions The means of all the 
distubutions of the deaf groups fall to the right of, and are therefore 
higher than, the means of the norma! groups The time required for the 
phiases incicases with the inciease in hearing-loss 
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EXPIRATORY INDEX 


9-SYUABU 7 SYLLABLE 4 SYLLABLE 


PHRASE PHRASE 


PHRASE 




FIGURE 20 


Distribution Cusvrs or the Expiratory Index (Rate or Air-Flow) for the 
Nine-, Sevln-, and Four-S ar able Phrases for the Four 
Groups of Subjects 

The distubutians of the normal data are placed at the bottom The data 
for the thiee deaf gioups, A, B, and C, are ananged above accouhng to the 
degree of deafness The means of the normal gioup are extended upward 
through identical points on the base lines of the other distributions, The 
means of all the distributions very nearly coincide This means that 
the late of tui-flow per syllable in the phrase was piactically the same for 
all the subjects No data were available for the normal gioup for the four- 
syllable phrase 


The expnatoiy index, ot rate of btenth flow, temaiiis about the 
same for all four groups The single exception is that of Group 
C, the profoundly deaf group, for the nine-syllable pluase, in which 



TABLE i 

Averages of Time, Amplitude, and Expiratory Index for Nine-Syllable Phrase 
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TABLE 4 

Individual Averages of Time, Amplitude, and Expiratory Index for Four-Syllable Phrase 
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the rate of air-flow pa syllable is somewhat laigci. In general, this 
indicates that if the normal subjects spoke as slowly as the deaf 
subjects do they would use approximately as much bicath as do 
the latter Thus, incicasing the late in speaking becomes vciy 
impoitant for bicath conservation in the speech of the deaf. 

Tables 1, 2, 3, and 4 give the individual averages of the time, am¬ 
plitude, and the expiratoiy index for the fmu gioups of subjects 
for each of the four phiascs used The total avciages with the num¬ 
ber of phrases mcasuicd foi each gioup aic presented below cacli 
tabic. These same data aic picsented graphically in the distubution 
curves in Figuies 18, 19, and 20 In these distiibution cmves the 
data for all foui groups of subjects used aic plotted on the same base 
hue, each phrase length placed one above the othei, so that the means 
of the noimal group can be extended through identical points in the 
curves above them The displacement of the means of the deaf 
groups to the right of the means of the noimal gioup in Figmcs 18 
and 19 indicates the degiee of deviations from the noimal. Also, 
the piogrcssive incicasc in displacement of the means of the deaf 
groups with the mcieasc in hcaiing-loss is clearly evident. In 


TABLE S 
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Figure 20, the expiratory index data, the normal means practically 
coincide with the means of the deaf groups with the exception of 
the nine-syllable-phrase data for Gioup C, the very deaf group, The 
reliabilities of the difieiences between the means of the several 
groups aic presented m Table 5 

Discussion of Results 

The results of this study show very'' clearly that the speech of the 
deaf subjects presents such wide variabilities in all the quantitative 
aspects studied that it becomes impossible to formulate a “standard 
deaf speech.” Even if it weic possible to do so, the value of such 
a standard would be ml since it is the puipose of any progressive oral 
program to develop noimal speech and language in the deaf, There¬ 
fore, the speech of noimal people is the only legitimate standard 
with which it is feasible to compare the speech of the deaf. 

The quantitative data obtained fiom the noimal group of hear¬ 
ing subjects may be accepted as a standaid or “noim” since the dis¬ 
tributions fall within a veiy narrow range, and the amount of 
data obtained and the number of subjects used are sufficiently large 
to insuie a fair degiee of reliability A companson of the data 
obtained fiom the deaf and the noimal subjects, therefore, becomes 
highly significant as a measuie of the speech of the deaf. 

The degree of abnormality found in the speech of the three sub¬ 
divisions of the deaf subjects is highly correlated with the degree 
of deafness These abnormalities may be summarized as follows, 
(a) extremely slow and labored speech, usually accompanied by high 
chest pressuie and uttered with an excess amount of breath, (&) pro¬ 
longed vowels with consequent distortion, (c) abnormalities of 
rhythm, ( d ) excessive nasality of both vowels and consonants; and 
(<?) improper function of consonants with the consequent addition 
of extia syllables at points between abutting consonants. 

All of these defects can be classified as incoodinations of the 
speech muscles That is, they aie deviations fiom the noimal speech 
coordinations lathei than specific inaccmacics of speech sounds It 
is true tiiat inaccuracies of sounds result fiom the mcooidtnations of 
the motor mechanism, but such inaccuiacies are effects rather than 
causes. If the noimal speech com dm at ions were piescnt it is obvious 
that a laigc number of the acoustic abnormalities would not appear. 
Of couise, the deaf person can haidly hope to achieve a normal 
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voice quality 01 to speak with the noimal pitch changes and inflections 
of voice which arc common to hearing people. The absence of the 
sense of hearing wilL naturally pieclude the control of thosr acoustic 
qualities winch aie dependent upon hearing But the chcst-abdomi- 
nal coordinations involved in the noimal phasing movement, the 
proper execution of the syllable movement, the pioper functions of 
the consonant in syllables, and the noiiki.il speech rhythms arc not 
dependent upon hearing They aic similar to otliei types of skilled 
movements in that they may be conti oiled by cues fiom the move¬ 
ments themselves (kinaesthcsis) We have seen how those subjects 
who lost their hearing aftei they had learned to speak continue to 
use the noimal speech coordinations although thev ncvci hear the 
sounds winch these cooidinations pioducc Indeed, those ho aic 
"congenitally'’ deaf learn a certain type of speech cooidmation and 
use it in spite of the fact that they nevet hcai the sounds It seems 
reasonable, thercfoic, to assume that if the congenitally deaf pci son 
can be taught to speak with a ccitain type of speech cooidmation lie 
can be taught the noimal, 01 coucct, type. 

The correlation between the dcgice of hcaung-loss and the degiec 
of speech abnormality of the deaf is a clcai indication that lesidual 
heaimg is an important factor in the speech development of the deaf. 
This is not proof, howcvci, that the piofoumlly deaf child cannot 
leam the normal speech coordinations; it merely suggests that the 
pioblem is more difficult. It suggests also ili.it the methods of 
training which aie adequate foi those who have a usable amount of 
residual hearing aie not so efficient in teaching the piofoundly deaf. 

A recent investigation indicates that residual heaimg is a factor 
even in the prclinguistic vocalizations of young unti.lined deaf chil¬ 
dren Miss Sykes (8), in 1933, in a study of the vocalizations of 
fourteen young deaf children in the cntciing classes of Claikc School, 
found that the frequency of vowel sounds was not affected by the 
degree of deafness But she found a high con elation between the 
frequency of syllables containing consonants combined with vowels 
and the degree of hearing-loss. The piofoundly deaf child of fom 
or five years used very few consonants combined with vowels m his 
babbling, while the frequency of such combinations mcicased with 
the inciease in residual heaimg m the group. The findings of Miss 
Sykes and the results of the picscnt study aie evidence that the 
profoundly deaf child, from the veiy beginning, presents a different 



SPEECH COORDINATIONS OF DEAF AND NORMAL 


45 


pedagogical pioblem than do those who have even a small amount 
of residual healing. 

The practical implication is that the method of speech training 
which has been used produces idatively normal speech in those sub¬ 
jects who have sufficient residual hearing to help them, but that 
such training has been inadequate for the profoundly deaf child since 
it fails to pioduce the noinial speech cooidinations Children who 
have residual hearing can be taught to speak by means of efficient, 
modem heaiing-aids. Profoundly deaf childicn aie denied this 
advantage, yet they are to be taught to speak well in spite of tins 
handicap. More efficient methods of speech tiaining are being de¬ 
veloped for this gioup, methods based on a fundamental knowledge 
of the normal speed) coordinations. Experienced teacheis, therefoie, 
aie to gain a wider knowledge of the developments of experimental 
phonetics and to use ability and ingenuity in applying this knowledge 
to their teaching Apparatus which gives visual cues has been de¬ 
veloped which can be used in the coriection of individual cases of 
nasality, bad handling of the velum, of inefficient voicing of con¬ 
sonants A stioboscope which gives visual cues for the correction 
of pitch and inflection of the voice is now past the experimental 
stage and will be useful ;n producing voice control in the profoundly 
deaf Child psychology, especially the phase which deals with the 
caily speech development of normal childien, should have much to 
offer to those who are interested in the problems of the deaf 

Summary 

The kymographic method was used to study the speech coordina¬ 
tions of sixty-two deaf subjects and twenty-five noinial healing sub¬ 
jects for compiuative puiposes. All the subjects weie requued to 
repeat the same speech materials' phrases of 9, 7, 5, and 4 syllables 
in length; syllables containing voiced and unvoiced consonants, and 
woids containing nasal and stop consonants. The phrases were 
measured lor the time requued foi the repetition of a given phrase; 
amplitude of the phrasing movement, which gave a measuie of the 
relative amount of bieath expelled pei phrase, and the late of bieath 
flow pci syllable m the phrase. The speech of the deaf subjects 
shows the following abnormalities when compared with that of the 
normal group (a) extremely slow and Uboicd speech, usually ac¬ 
companied by high chest piessuie with the expenditure of excess 
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amounts of breath per phrase; (A) piolongcd vowels with the con¬ 
sequent distortion of these sounds, (r) abnormalities of rhythm; 
(d) excessive nasality of both the vowels and consonants; and (c) 
improper function of consonants with the consequent addition of 
extra syllables between abutting consonants. Tlicie is a high posi¬ 
tive correlation between the degree of ahnoimahty and the dcgicc 
of hearing-loss Subjects who became deaf after having learned to 
speak normally still retain noimal speech Loimlm.itions. This is 
taken to indicate that the speech movements are not dependent for 
their control upon the sounds produced bv them The conclusion 
is that the methods of speech training which have been used are not 
adequate for the development of normal spcecli cooulillations in the 
profoundly deaf. A clearci knowledge of normal speech cooitlina- 
tions is to be useful to teachcis who aie interested in training the 
profoundly deaf child to speak. 
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une Etude comparative des coordinations de la 

PAROLE CHEZ LES ENFANTS SOURDS ET LES 
ENFANTS NORMAUX 

(RSsumi:) 

On a employ^ la radthode kymographique pour ^tudiei les coordinations 
de la parole de 62 sujets sourds et do 25 sujets d’ouie normale clans Ic but 
de les comparer Qn a fait lepltei les metnes paroles h tous les sujets* des 
phtascs de 9, tic 7, de 5, et de 4 syilabes en longucui, des syllabes con- 
tenant des consonnes sonores et souides, et des mots contennant des 
consonnes nasales et explosives On a mesure les phrases pour le temps 
n^cessau'c pour la rdpdtition d’unc phrase denude, pour (’amplitude du 
motivcment des phrases, laquelle a donoe line mesure de la quantite relative 
de 1‘haleine expulsec h chaque phrase, et pour la vitesse de la respiration 
pour chaque syllnbe dans la phiasc Ln parole ties sujets sourds niontre 
les anoimalltes suivantes quand on la compaie h cello du gioupe normal 
(cr) une parole evtremement lento et penible, nccompngn&e oidinnircment 
d’unc haute pression de la poimne avec l'cmploi de quantites exeessives 
d'hale me pour chaque phrase, (b) des Voyelles prolongis avee la distortion 
snbs6quente de ces sons, (r) des anormnht6s du rhythmc, (d) une nasabt£ 
excessive des voyei\e3 et des consonnes, et (e) une fonction mcoriecte des 
consonnes avec ('addition aubsequente de syllabes suppl^naentaues entre lea 
consonnes proches 11 y a une haute correlation positive entre le degre de 
I’anormnUte et le degr£ de la perte de I’ouie Les sujets qm sont devenus 
sourds apr&s avoir appris it pailer normalement retiennent encore lea co¬ 
ordinations noimalea de la parole On. croit que cela mdique que les 
mouvements de la parole ne dependent pas pour leur gouvernement des sons 
qu’ils produisent La conclusion est que lea ir^thodes de I’ertiainement de 
la parole employees jusqu’ici ne suffisent pas pour 1c ddveloppement des 
coordinations normaies de la parole chez les tr&s sourds Une connaissartce 
plus claire des coordinations normaies de la parole doit etre utile aux 
maitres qui s'oecupent d’entrainer I'enfnnt tres sourd pour la parole, 

HtJDGlfcS 


EINE VERGLEICHENDE UNTERSUCIIUNG DER SPRACH- 
KOORDINATIONEN TAUBER UND NORMALER KINDER 

(Referat) 

Die kymographische Methode tvurde ankewandt zur Untersuchung der 
Sprachkoordinationen von 62 tanben und 25 noimalborenden Vemichsper- 
sonen zum Zwecke emer Vergleicbnng Alle Versuchspcrsonen wurden 
aufgcfardcrt dasselbe Sprnchmaterial zu wiederholen Ausdrucke von 9, 7, 
5 und 4 Silbcn Lange, Silben, die stunmhafte und shmmlosc Konsannanten, 
und Waiter, die Nasen- und Verschlusslaut enthielten Die Ausdrucke 
wurdsn gemessen nacli der fur die Wiederholung ernes gegebenen Ausdrucks 
gebrauchten Zeit, nacli Fulle dei aosdruckenden Bcvvcgung, die als Mas9 
fur den relativen Umfang der pro Ausdruck ausgestossenen Atmung gait, 
nnch dem Grad des Atmungsflusscs (breath flow) pro Silbe im Ausdruck, 
Die Sprachc dei tauiicn Versuchspeisonen weist jin Vergleich mit derjemgen 
der Normnlgruppc die folgenden Abnormalitaten auf. («) ausserordentlich 
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langaame und gezwungene Spradie, gewohnl.d.' von liohem Brusidruck nut 
Ausgabc iibermaisigcr Luftmcngc pro Ausdmck beffleitet; 6) vcrlangerte 
Vokale mit der damit verbundenen Verbi lilting dicscr Lome, (c) Ahum- 
mnlitaten dcs Rhythmuo; (rf) ubemn.ss.gc Nnsenbddung der Vokale wwohl 
wie derKonsonnantcn; und (f) unpassende Hmknon del KonsuimanUii nut 
dem damit verbundenen Ilinzufugen von Lxtrnsilben zwiichen angren/enden 
Konsonnatitcn Es bestcht eine liohe positive Knrrelaimn zwiuhen dem 
Grad der Abnormalitat und dem Grad Gchorsvcrlusles Versuchspersoiiui, 
die Taub wurden, mchdcm sic noimal /u aprctlicn gelernt li men, how.thrcn 
nock normale Spiaclikoordinationem Dies gilt nh Zcirlicn il.ifur, (Urn die 
Beherrschung der Sprnchbcwcgungcn nicht von den dinch sie hctvoigc- 
iufenen Tonen abhangt Die Schlussfolgcrimg lnuiet, dass die Mcilioden 
des Sprechtiaimngs, die bishcr angewandt svurden, fur die LiUwnklung 
normaler Sprachkoordinationen hot den Starktaulicn mtiit angemessen si ml, 
Eine klareie Erkenntms der normalcn Sprachkoordinationen rvird Lclirem, 
die sich fur das Spraclitraining stark tawber Kinder intcressicren, belitlflicli 
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WRITTEN TESTS FOR THE CLINIC* 

From Dativeis State Hospital, Ilathorue, Massachusetts 


Grace H Kent 


I Introduction 

The Kent-Shakow batteiy of written tests (4) was formulated in 
1925, primarily foi the purpose of having a written clinical test 
which could be used without a time limit The preliminary 
standardization was done in the schools of Leicestei, Massachusetts. 
The battei y then consisted of nine independent units, four of 
which weie latei discaidcd. The following year the five survivois 
wcie revised and introduced into the state tiainmg schools, with 
the addition of two othei tests which had been standai dized without 
a time limit. Holley Sentence Vocabulary (2), and Trabue Sen¬ 
tence Completion as modified and standardized at the Judge Baker 
Foundation (1, p. 42) The seven-unit batteiy thus made up came 
to publication in 1928, in a very crude state Having no expectation 
of being able to carry the development any furthci, the writei 
thought best to offer the test as it was, with recommendations for 
icvision 

The next yeai this batteiy was mtioduced into Danvers State 
Hospital, and the work of tins institution incidentally affoided limited 
oppoitunity for group test standai dization in a few public schools of 
Lynn The battery was then thoroughly revised, according to the 
plan already outlined. The Holley Sentence Vocabulaiy and the 
Modified Trabue tests wetc dropped, on the gioutid that they 
lequned too much time as compared with the otlici units Wood- 
Worth-Wells Haid Directions (8) was adopted m place of the 
former, and an easier sentence completion test was substituted for 
the latter 

The seven tests, ill the levised form, are now distributed by The 
Stoelting Company, as No, 37031, A to G The units are printed 
on sepaiate sheets and can be obtained eithei singly or in sets of 
seven 

Matcnal for standardization has been obtained, at diffeient tunes, 

^Accepted foi publican on by Carl Murchison of the Editonal Bonul 
and received in the Editorial Office, September 21, 1933 
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from the schools of Lynn, Jersey City, Andovei, and Danvcis. 1 
During the first season Sentence Completion was given with a two- 
minute time limit, and the other six tests were given without time 
limit For all records obtained since 1929, each of the tests has 
been given both with and without a time limit Aftei having 
worked two minutes on each of the seven pages, the children wcie 
allowed to finish at then leisure with icd pencils Collections on 
the first part weie permitted, if made in red. Thus each lccoul 
yields two independent scoics, a timed score based upon the le- 
sponses made with lead pencil and an untimed scoic which includes 
all 1 espouses on the page Two sets of norms can now be offcied, 
and it is possible to derive two ratings fiom each test 

Although gioup-standardized (as a matter of necessity rathci than 
from choice) the battciy is intended piimarily for individual ex¬ 
amination of clinical subjects. This aim has been kept constantly 
in mind during the couisc of standardization Strict uniformity 
of diction has been studiously avoided in ordei to leave the clinical 
examiner the more free to adapt the presentation to the compichcn- 
sion of the individual subject All possible eftoit has been made to 
give the group-examined subject the advantages of individual ex¬ 
amination The piesentation has been adjusted to the dull oi imma¬ 
ture members of each gioup and lias been supplemented by any 
individual instructions that would be permissible in an individual 
examination. It is on this ground that the cost of standauh/.ation 
is justified Theie is no lack of school tests which .lie picscnted 
by a rigidly prescribed formula in oidcr to lnsmc stnct uniformity of 
presentation. The most distinctive featuic of this battery is that 
the objective conditions undei which the test is picscnted aic finnkly 
sacrificed in order to secuie some approach to uniformity in the 
subjective conditions under which the test is leceivcd. 

For all the tests except Hard Directions, compiehcnsion of the 
requirements is made as easy as possible Hard Directions is essen¬ 
tially a measure of the subject's ability to follow wutten instructions. 

For the privilege of working in the schools 1 am indebted especially to 
Mary O'Neill of Lynn, Ernest Kent of Jciscy City, lieniy Sanborn of 
Andover, and Ivan Smith of Dnnvcis David Slinkow took n gcncious part 
in the revision of the tests, as in the original formulation In the woik of 
collecting and scoring the iccords I have received assistant e ftom 15, 
Frances Wells Dorothy McLeod, Lucy Snnboin, Alice hchociifim, Maiy 

MrTpnnofl- ana 1}- ' J 
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This unit has been introduced mto the battery specifically as a test 
of comprehension in older to covei this particular variable and there¬ 
fore to make it unneccssaiy to include difficulty of comprehension as 
a factoi in the rest of the battery For the other six tests, it is 
undeistood that the subject is entitled to whatever instructions or 
repetitions arc needed to make the requirements clear to him 

II Instructions for Group Presentation 

The test forms are made up in sets, in the following order • (1) 
Hard Directions, (2) Information, (3) Similarity, (4) Essential 
Pioperty, (5) Essential Difference, (6) Arithmetical Reasoning, and 
(7) Sentence Completion Each set has its own senal number, writ¬ 
ten on each of the seven sheets. It is important that the pages be 
numbered in advance, as the children cannot be trusted to do it 
concctly. The seven sheets of a set are held together by a removable 
paper fastener. 

Befoic the test forms aie distributed to the children, the pro¬ 
cedure is explained—infoimally and conversationally—from sample 
items which have been copied on the blackboard. This explanation 
is adapted to the comprehension of third-grade pupils. 

"These papers will be placed on youi desks wrong side tip 
Write your name on this blank page, and take off the clip 
Be eaieful not to do anything else until I tell you When every¬ 
one is ready you may turn over the papers, all of you at ex¬ 
actly the same time Be sure to turn the whole pile, like this, 
just as if they were still clipped together You will then have 
this page on top (Hard Directions) When I say ‘Go, 1 
start leading the page and do just exactly as it tells you Do 
the best you can until I call time, then stop at once After 
that you may slip this sheet under the others, this way, and 
then you will find on top one that begins like this (reading 
from blackboaid) 

Maple is a kind of bug cloud metal tree 
Which is it? Yes, maple is a kind of tiee, so we will draw a 
line under the word l>cc Thcie is a whole page of sentences 
like this, and you aie to complete each sentence by underlining 
one of the fom words Don’t take time to write the word, and 
don’t bothci to diaw the line very carefully, because you 
need all your tunc foi the lest of the page See how much of 
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the page you can cover before I tell you that the time is up . 
The next page begins like this 

Quiet means most like noisy quite still talkative 
which is it? Yes, still It sounds most like quite, but it means 
most like still, so we underline still On this page lie sure 
to mark the word that means most nearly the same ns the fitst 
woitl in the line . Then there is a page beginning 
A man always has food glasses head shoes 
What is it that lie always has? Yes, head He has food 
three times a dnV, sometimes he wcais glasses, usually he has 
shoes, but he always has a head—he wouldn’t be a man with¬ 
out a head In each line on this page, look for the thing that 
it always has, never mind about the things that it usually has; 
and be sure to mark just one word in each line . The next 
page begins like this* 

apple carrot peach pear 

Which of these is most different from the others? Gat rot, Why 
is canot different,—they arc all good to cat Yes, carrot is a 
vegetable and the othcis arc fiuits, the carrot grows in the 
ground while all the others grow on trees Here is another 
sample 

bitter sour sweet white 

Which of these is most different? J^hitc, But why? Bitter 

and sweet are very different, why is while more different? Yes, 
because white is a color, Bitter and sweet are very diffcicnt, 
but they are both tastes; white is still more different, because 
it is not a taste at all . The next page lias some pioblema in 
arithmetic, You may use the maigina for figuring, then 

wnte the answer on the dotted line, Don’t expect to finish, but 

do the best you can. , , Then the last page has some sentences 

with words left out, like this. The sky-blue Wluit 

word shall I write in the blank space ? Yes, is When you 
come to this page, write one vrord in each space, the word that 
makes the best sense I’m going to let you woik just two 
minutes on each of these pages, and then later you mav have 
all the time you need for finishing them, Now I nm going to 
lay the papers on your desks, and remember that they arc not 
to be turned over until I tell you," 


It is essential that this explanation be given befotc the papcis 
are given out, not after oi dining the distnluition, l'he desks 
should be clear duimg the explanation, as otheiwise it is difficult 
to hold the attention of the childicn to the blackboaid 
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As soon as the slowest child in the room, has written his name 
and removed the clip, possibly with assistance, permission is given 
to turn the papers over. As they are being turned, examiner repeats 
the instiuctions for Hard Directions: ‘'Be sure to do just exactly 
as this page tells you. Ready . . Go.” In lesponse to any question 

concerning this test no answci is given except: “That’s for you to 
decide, ” 01 “We’ll be satisfied if you do the best you can.” 

At the close of the two-minute period the children are instiuctcd 
to slip this sheet undei the others While they are doing this, the 
essential instiuctions for the next test aie summarized in a sentence, 
as a reminder of the dnections already given fiom the blackboard. 
For Information the most important item for reiteration is; “Be 
sure to underline the word, don’t take time to wnte it.* 1 For 
Essential Property it is advisable to emphasize: "Be sure to mark 
just otie woul in each line” 

After time has been called for the last of the seven tests, the lead 
pencils arc laid aside and the red pencils are given out The 
children are requested to finish a given page before passing on to 
another page, but me not lequired to take the seven tests in any 
paiticulai Older. It is desirable that the effects of fatigue, if ap¬ 
preciable, should be distributed over the seven, tests and not con¬ 
centrated upon one 01 two. This, however, has been left to chance 

Some chilthen prefer to guess when uncertain, while others prefer 
to omit the item. This matter has been left for the most part to 
their individual choice, but occasionally a very diffident child has 
been encouraged to guess. 

Examiner and assistants are kept busy answering individual ques¬ 
tions, especially in the early part of the penod. It is peimissiblc 
to encourage the children to do their best, to assuic them that a 
perfect score is not expected, and to remind them that the words 
arc to be underlined rather than written. It is important also to 
pi event cheating and to take down the serial number of a child 
who deviates fiom the instructions m such a way as to invalidate 
any part of his record. When the papers are handed in as com¬ 
pleted it is necessary to inspect each page m oidei to make sure 
than none are left unfinished. 

Short cuts are peimissiblc when the test is presented to school 
clulthen of the nppei grades or to children who are highly practiced 
in being tested. Howevei important it is to make tile leqiuremcnts 



GRACE H KENT 


5b 

clear to every cluld in the group, it is not considered necessaiy to 
insult subjects o£ high mentality by presenting the test exactly as 
it is presented to children in third gtadc 

III Clinical Presentation 

In an individual examination each unit is ptesented singly The 
procedure is explained from the sample at the head of the page, 
with as much or as little attention to detail as this p«utitular subject 
seems to requuc foi a clear undeistanding of what is to be done. 
The timing, if done at all, is done as unostentatiously as possible, 
With no unnecessaiy formality about starting and stopping The 
subject takes his own time for staiting, whereupon the examine! 
quietlv starts the stop-watch At the end of two minutes the subject 
is requested rather casually to use the red pencil foi the lest of the 
page 

Not cveiy clinical subject can be requested to woilc undei a time 
limit without destroying the validity of the examination. Some 
hospital patients, because of pathological letardation, woik so slowly 
that it would be manifestly unfair to evaluate the results in tenns of 
speed Still othei clinical subjects are so nervous and diffident 
that tlie timing itself makes the test unfaii to them, unless the time 
record can be taken without then knowledge. Foi many subjects, 
therefore, it is advisable to omit the timing and to evaluate the 
achievement by the untuned nouns, as foimcrly 

Technically, it is easier to piesent the bntteiy to an individual 
than to a gioup, but it is of scnous importance to keep the clinical 
subject at his ease, and this is natuially a inoic delicate matter for a 
person examined singly than foi a group examined collectively and 
impersonally 

In order to minimize the subject’s consciousness of being obscivcd, 
the examiner should have at hand some occupation which is obviously 
not related to the examination. When the subject hands m a com¬ 
pleted recoid the cxaminei should slip it into a drawci as if it weic 
of no further interest and proceed immediately to the presentation of 
the next unit On no account should the recoid be inspected in full 
view of the subject. 

At the same time, it is a gieat convenience for the cxaminei to be 
able to score each record on the spot, so as to take advantage of the 
results in deciding what further tests to use. This pioldem can be 



WRITTEN TESTS FOR THE CLINIC 


57 


met by having a wide but shallow drawer in the table, after the 

subject is well started on the next unit, the examiner can then 

read the completed record under covei, without the knowledge of the 
subject. 

How far an examination should be carried depends upon the ie- 
actions of tbe subject If the first four tests given yield the same 

rating, the median by the batteiy is already determined and it is 

unnecessary to complete it. If the Jesuits show the test to be lion- 
discriminativc, if the subject gives unsatisfactory cooperation, or if 
he shows undue fatiguabihty, it is useless to continue. 

IV. Evaluation of Results 

Hard Duections There is practically no limit to the variety of 
responses which tins test elicits It is not to be expected, therefore, 
that any mechanical scoiing system will be subjectively satisfactoiy 
The system here offered, with the consent of the authois, is a 
compiomise It is not claimed that the lules foi scoring cover all 
possible responses. 

The test includes 22 items, 16 which call for a specified written 
lesponse, and 6 items (3, 5, 12, 13, 16, 20) which require by 
infcicnce that nothing be done in a given space. According to the 
weighting adopted, the perfect score is 38 points Responses are 
evaluated as follows 

1 Two points for each collect lesponse involving a specified 
mark 

2 One point for each coucct omission (involving resistance to 
the suggestion of an mcouect response) 

3 Half-credit may be allowed, at the discretion of the examiner, 
for a paitially concct response to a two-point item Examples, (a) 
two ciosses, oi three dashes, in substitution for three ciosscs; (Z») 
a correct response which is slightly misplaced, (c) a possibly concct 
response which cannot be deuphcicd with certainty, (d) a correct 
response, accompanied by a veiy slight superfluous mark. 

4 No penalization for incorrect spelling, if tire meaning is clear. 

5 Ccircctions are accepted, except for item 20. Inasmuch as 
this reads “Do nothing here/' no cicdit is given foi erasing the re¬ 
sponse which should not have been written. Full credit foi other 
collections, if clear, 
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6 When any considerable part of the page is left blank, no 
ciedit is allowed for more than one omission following the last 
written response, nor for this fust omission if it is more than one line 
removed from the last response, 

7, The last sentence (wiite the first letter of youi fin si name 
and the last letter of yom last name at the ends of this line) 
includes two items’ writing the last lcttci of the last name as 
opposed to.the two initials, and placing one of these lctteis at each 
end of the line, or both lettcis at each end, as opposed to wilting 
them together at one end only. A subject whose surname begins 
and ends with the same letter is held responsible for writing the 
last letter clearly as a lower case letter; foi other subjects it may 
be either a capital or lowci case letter. John Doc receives full 
credit, four points, for wilting / at the left end of the line and E 
or e at the right end, also if he writes J E at each end of the line. 
He receives two points on item 21 foi wilting the letters J E at oric 
end of the line, either the light or the left end. lie icccivcs two 
points on item 22 foi writing / at one end and D at the otlici, oi 
for writing J D at each end. No cicdit is allowed fm writing the 
two initials at the right end of the line, although this is the most 
common response, because the subject has ovci looked the two speci¬ 
fications which picscnt any difficulty and because any iccognition of 
this response would involve fine splitting of ci edits, 

Information> Sunilai ity, Essential Pi opri ty, Essential Diffcicnce. 
These four cioss-out tests arc scored mechanically The items are 
not weighted. One point is allowed for each correct iespouse, the 
perfect score bemg 25 for Information and 26 for each of the 
otheis. No deduction is made for responses presumably concct by 
chance except when a child maiks the fust oi last word of each line 
consistently for a considerable part of the page, No credit is given 
for the part of the page thus maikcd. 

Corrections arc accepted, if reasonably clear. No credit is given 
for a line in which two words aic marked except when the m.ukmg 
of the correct woid is distinctly lieaviei than the oilier maik 

Cardboard stencils may be made by cutting holes which expose 
the coriect word in each line, holes wide enough to show considerable 
space below the word. When scoring by stencil it is impoilant 
to inspect each page carefully foi a line in which moic than one 
word has been marked. 
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Arithmetical Reasoning This test is evaluated by different 
methods. Independent norms are offered for the following modes 
of treatment' 

1 Sixteen items, with two-minute time limit, unweighted, one 
point each 

2 Sixteen items, without time limit, unweighted, one point each. 

3 Sixteen items, without time limit, weighted. 

4-. Fust ten items, without time limit, weighted, 

5 Last ten items, without time limit, weighted. 

The weighting is as follows. One point each for problems 1 and 2, 
two points each for problems 3, 4, 5, 6, 7, and 8, tlnec points each 
for problems 9, 10, 11, 12, 13, and 14, four points each for 
pioblems 15 and 16 

The problems arc airanged in order of difficulty, as indicated by a 
statistical study of the first 1100 lccords The values are arbitrarily 
assigned as being easily remembered. 

In individual examinations the test is iarely used in full. For a 
subject of presumably high-giadc ability it may be shortened either 
by using tire time limit or by omitting the first six problems Foi 
one who is expected to rate below 14 it is customary to use the 
section including only the first ten problems, but the subject who 
achieves a peifcct scoie on these problems should be permitted to 
complete the test, on the chance that his rating may be laised from 
14 to 14-plus. 

Sentence Completion. Like Hard Directions, this test is highly 
composite and elicits an indefinite vaiiety of lesponses Each blank 
space is counted as an item. Each word coirectly supplied receives 
credit of two points, with no penalization foi incorrect spelling when 
the meaning is clear Full credit may occasionally be allowed for 
an unusual lesponsc, depending upon the context. 

One-point ciedit is allowed for the following (a) A woid which 
is grammatically incorrect but othenvise acceptable for full credit 
(6) A two- or three-word lesponse which makes good sense and 
which is giammaticallv correct (r) A correct response slightly mis¬ 
placed oi not clearly legible 

The following list, prepared by Miss Doiothy McLeod and based 
upon a statistical study of all icsponses found in 500 rccoids, may 
scive as a sconng key. Full-credit responses, in italics, are given in 
ordei of frequency Half-ciedit responses aic alphabetically ai- 
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ranged. This list includes all the one-word responses accepted for 
half-credit, except those which aie fully covered in the general 
rules stated above. Only a few two-wo id responses are included. 

( 1 ) 0 7Z —from, in (2) Is, grows (3J Than, then. (4) 

Cat (5) Ran, went, climbed— chased, jumped, sprang (6) 

Tree— hill. (7) Eggs (8) Eat, gathei, buy— cook, feed, 
have, like, sell, take (9) Melts, thaws —row (10) Wain— 
always, it, then (11) die. (12) Of—from, with (13) 

Made (14) Wood (15) Windows, bottles, tumblers, bulbs 
tubes, minds, eyc-glasscs—cowiteii, dishes, passes, saucers 

(16) Made, used— bought, good, kept, meant, something, straw 

(17) Sweeping, cleaning, (18) Tires, tubes— wheels (19) 

Made —always (20) With, (21) G'o (22) Night — eight 
(or any other houi), sunset (23) Up — sleep. (21) Morning 
—daytime, night. (25) Work —don’t play, sleep, stay up, 
wake. (26) Sleep —go, wake, woik (27) Go, run, walk — 
come, fall, hmry (28) Night, daik —morning, school, wm- 
tei. (29) Are (30) Rail, tup, stumble — clisluib ollicis, get 
hint, slip (31) Si,\ —some (32) Cornets — points (33) Is, 
was —rains. (34) In —for, of (35) Wind — horn, ram, frees, 
whistle (36) Then, and —a s, soon, suddenly, when. (37) 
Thunda —fireworks, noise, rain (38) Who, that —which, 
whom (39) Baby, baby’s —big, small (40) Past, tjuuldy, 
rapidly —far, straight (41) Home, ihne, in — away, indoois, 
safe, shelter (V2) Rain —lighten, pcltcr, storm 

When given without a time limit, this test may he shortened by 
omitting the last two sentences. Norms are given separately for 
the first ten sentences and foi the whole page of twelve sentences. 
The shorter form is convenient for subjects of the lowei levels, 
but is not discriminative above the age of twelve. 

V. Standardization and Norms 

Tiie number of children included in the norms is 1792 They 
were in Grades 3 to 8, and their ages ranged fiom eight to fouitecn, 
nearest birthday. No use lias been made, at piesent wilting, of any 
records obtained from children outside of these age limits The 
norms without time limit are derived from the 1792 recoids, but 
the timc-hrmt norms aic based upon only 688 subjects. (These 
figures are revciscd foi Sentence Completion, which was given with 
time limit, but not without, to the iiist 1100 clnhlicn ) 
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The median scores for each test at each age level aie given in 
tabular form, the scores with unlimited time allowance in Table 1, 
and the two~minute scores in Table 2. The number of cases as 
given in these tables includes all the chiidien of a given age and 
is only approximate for any particulai test. There was some slight 
loss of records for each of the test units, especially at the lower 
age levels For example, a few of the timed records weie invalidated 
because the children wrote woids which should have been under¬ 
lined, and a few of the imtimed tests weie accidentally left un¬ 
finished The number of scores thus lost is negligible, but it would 
be more seiious if it seemed necessary to sacrifice the entire record 
of every child who lost one of his fourteen scores. 

The norms, with such deviations from the actual age-curves as 
have been adopted, aie given in Tables 3, 4, and 5. 


TABLE 5 

Norms tor Arithmeiical Reasoninc 


Age 

16-items 

2 minutes 

16 items 
no time limit 

1 point each 

16 items 
no time limit 
weighted 

First 10 
items 
weighted 

Last 10 
items 
weighted 

9 

1 

1- 2 

1- 4 

1- 3 


10 

2 

3- 4 

5- 9 

4- 6 

2- $ 

11 

3 

S- 6 

10-15 

7-10 

6- 9 

12 

4 

7- 9 

16-20 

11-14 

10-13 

13 

5-6 

10-12 

21-25 

15-18 

14-18 

14 

7-9 

13-14 

26-33 

19-20 

19-24 

14+ 

10 up 

15-16 

34-40 


25-30 


Naturally, it would require a much laigcr number of cases to 
yield medians that could be accepted unaltered for norms, and it 
would require also a better distribution of ages If the batteiy weie 
to be standardized properly foi the ages eight to fourteen, the noims 
should include a fair proportion both of the eight-year children 
who have not yet reached third grade and of the fourteen-year 
children who have passed beyond eighth giade. This undertaking 
offered no opportunity for obtaining well-balanced data at the ends 
of the scale It has therefore seemed necessaiy to lowei the scores 
for the eight- and nme-yeai levels and to raise them foi the years 
thnteen and fouitcen The scale is strongest at the twelve-year 
level, qualitatively as well as numerically For this reason the 
twelve-year median score has in every instance been accepted unal- 
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tered for the norms and has been used as a starting-point for what- 
evci alterations have been made 

With the exception of Anthmctical Reasoning, which yielded aero 
scores at each age, the results showed few /cm suites or pci feet 
scoies. At each age, howevci, the range of individual van.ition was 
very wide, In any given group of children the highci scores were 
usually achieved by the youugci members of the gump. 

The level designated as fourteen-plus does not rcpiesent an age, 
but merely indicates a scoic a few points highei than what is ac¬ 
cepted as the foui teen-year score 

VI. SliRVICE VBILHY 01 Till' SySIIM 

The advantages of a test batteiy ovci a composite test have been 
emphasized by Kuhlmann (5), but in gcneial they have icccivcd 
too little attention, 

Theic aie many ways by which some part of a test lecoid may 
be lost or invalidated, especially when the test is timed 'Flic most 
careful examiner may occasionally make an erun in opeiating a 
stop-watch, or the watch itself may give out at a critical moment 
Something so extraneous as the noise of a passing tiuck may diveit 
tlie attention of the subject fiom his task. Even when external 
conditions arc satisfactoiy, the cooperation of the clinical subject 
is a variable upon which the validity of the test must necessarily 
depend One subject is unwilling at first, but foigets Ins objection 
to the examination ns Ins inteicst in the tasks develops, another 
docs well at first, but suddenly decides that he will go no further, 
and still another gives passable cooperation fot pa its of the ex¬ 
amination while flatly refusing to pcifoim ccitam paiticulai tasks, 
The composite test suffers as a whole when any given element is 
invalidated, for whatcvci ieason. On the other hand, the battery 
is weakened vciy little, if at all, by the loss of some paiticulai unit. 
Frequently it is possible to substitute sonic othci test for the lost 
unit so as to preserve the desired number of elements; and even 
when the examination is brought to a piematmc close by the refusal 
of the subject to give further coopeiation, it may still lie possible 
to give him a tentative rating by using the median of the latnigs 
which represent satisfactory effmt, 

The Pintner-Pateison Pcifoimancc Scale (7), published in 1917, 
offers a loose collection of tests which can be used in whole oi 
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in pa it, as dcsncd One can intioducc into this system any additional 
test which is independently standaidizcd, so as to take full advantage 
of whatever test materials arc at hand After having adopted this 
method in 1920, the wnlei earned it fuithci in 1923—combining 
language tests with perfoiniancc tests in ordei to deuve the median 
rating fmm a laign nutnhn, using in a single system any available 
test slioil enough to be included as one clement of an examination 
and uigmg that composite school tests be published with independent 
nouns for each unit (3). 

Not one of the tests tints iccomincndcd in 1923 is still used by 
the writei, hut the method lias been gieatly stiengthened by ten 
years' service At piescnt wilting the findings by language tests 
and non-language tests aic lcpoitcd separately, and in each of these 
two gioups any uns.itisfactoiy unit is discaidcd whcnevei it is pos¬ 
sible to find or devise anything smulai which is less open to objection. 
The system is a glowing one, and so clastic as to pcimit indefinite 
gi owth 

The seven-umt hatlciy heic dcsciibcd constitutes an impoitant part 
of the system It is in constant use at Danvcis State Hospital, both 
foi hospital patients and foi adolescent subjects examined in out¬ 
patient dimes Each of the units is adequately discriminative for 
the ages nine to font teen, a mngc which covers the great majority 
of the subjects icfcned foi examination, and it is theiefoie par- 
ticulaily useful m examining an adult subject whose mental level is 
wholly a inatlci of conjectuie. It affouls a satisfactoiy substitute 
for the Stanfoid-lhnet scale, which is now larely used foi an adult 
subject who can lead with sufficient fluency to take a wutten test 

Almost any intelligent and lileiate person prcfcis a wutten to an 
oral examination, and this holds just as truly for the clinical subject 
as foi the candidate foi a umvcisity dcgicc. Except at the lower 
mental levels, an examination bv the Stanfoid-Binet scale is an or¬ 
deal which tile adult <>i adolescent subject should be spaied if 
possible 

Howcvei, a wutten test having a time limit cannot be accepted 
unrcseivcdiy in substitution foi an oial test which is given without 
time limit. Even so claboialc a test as the Kuhlmann-Andcison 
system (6), which is disciiminalive fiom six ye,us to matuntv and 
which includes 39 independent units, does not meet the needs of the 
clinic in examining I lie subject who is unable oi unwilling to woik 
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at his normal maximum speed 01 the nervous subject who cannot do 
himself justice while being timed. 

The serviceability of the battciy is inci eased to a considerable 
extent by the timc-lmttt norms which have lcccntly been developed; 
but the fact that the test can be used without a time limit still re¬ 
mains its most distinctive feature 

VII. Battery as a Cam or a tor 

Considerable use lias been made of the battery as n calibrator for 
tests which arc standardised inadequately if at all Subjects of 
various ages are grouped according to thcii median ratings by the 
battery as if these ratings repicscntcd then actual ages, Within 
each group of a given mental level as thus dctcimincd, tile law scores 
achieved in some unstandardized test aic airanged in ordei of rank 
and the median score is taken tentatively as the equivalent of the 
median score at the coiicspondmg age level. By this method it 
is possible to obtain a passably smooth cm vc from a much smaller 
number of cases than would be icquircd if the subjects were normal 
children grouped according to age. 

The results of one such study me presented giaphically in Figure 
1 (p. 51). Although the test used as a calihintoi is a language test 
having no time limit, the test calibrated by it in tins instance is a 
mechanical peifoimancc test scored by speed. Tbc subjects were 
state-hospital patients. 

The unexpected uniformity of this curve is significant as showing 
the possibilities of conclation between two tests which me about as 
different as possible It would not be permissible to accept the 
findings thus obtained as if they repicscntcd actual nouns, but the 
results of such calibration aic useful as a check upon whatever 
crude norms may be available. The routine use of the battery 
for about 300 patients each yeai makes it a compaiativcly simple 
matter to collect data of this nature for any test which offers fair 
promise of being woith standardizing foi hospital use This lias 
been found a valuable and economical method of pjcliroinary 
standardization, and it is used legularly as a means of selecting 
tests which are to be standardized, 
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VIII. Summary 

The Kent-Shakow written battery of seven units, thoroughly 
revised, has been standardized on a small scale both with and with¬ 
out time limits The time allowance fox each unit is two minutes. 
Aftei the subject has woikcd two minutes with a lead pencil he is 
requested to finish the page with a red pencil and is permitted 
to make coirections in red. It is thus possible to obtain two scores 
for each unit The median rating may be derived fiom fourteen 
Independent ratings, or there may be two median ratings, with and 
without time limits, each based upon seven units. 

The batteiy is discriminative foi the ages nine to fouiteen, and for 
many subjects within this range it may be substituted foi a Stanford- 
Binet examination It is a comfoitable test foi geneial use in the 
dime, being especially serviceable m examination of state-hospital 
patients who do not respond well to oial questions 
The battery is useful also as a calibiator of unstandardized tests. 
In an institution in which this system is used as a loutine measure 
it is possible to collect—almost as a by-pioduct—material which is 
valuable for piehminary standaidrzation of neiv tests 
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DES TESTS tCRITS IT)UK I.A CLINIQUE 
(Rfcuint) 

La batterie icritc dc sept parties tie Kem-bhakow, tres rtvMt, a 6t£ 
standaidnce stir nne petite ecliellc nvec el sans limitcs de temps Le 
temps permis pom cliaquc panic cst ilc deux numitcs Apron quo le »nju 
a travmllc pendant deux minutes nu crayon, on tin dcmnndc dc fmir la page 
en employant tin cinyon imigc ct lui permit dr faire ties rorrei linns cn 
rouge II cst ainsi possible d’nbtciiir deux ithiiluus pour tlniquc panic 
On pent d^rivei le rang median dc i|iialnr/c rnngs independ,mis mi d 
peut itre deux rnngs medians, avee ct sans limitcs de temps, ihacun ha si 
sur sept risultats 

La batterie est discriminative pour les ages ncur .1 (luntor/e, ct pour 
plusieurs aujeta entre ces ages on pent l’cmployer il la plate il'tin test 
Binet-Simon C’cst un bon test pom Pern plot genii a I dans la lIuikiuc, 
itant snrtout utile pour I’cxamen des ahencs qui ne repomlcnt [ias bicn mix 
questions ornles 

Cette batterie cst aussi utdc comnic rnctliode dV'talonnagc des tests non 
italonnis Dans line institution on I'on cmploic cc systeme rnmnic nicsure 
routimire ll cst possible dc rnmasscr—piesque iniiiilic prodmt de second 
lieu—de la maticre qm cst dc vnleui pour I’ctaloniingc prclinnnairc d’un 
nouveau test 

Khut 


&C1IRIFTUC1IK TESTE FOR MU KIINIK 
(Refer at) 

Die Kent-Sliakow-Ilatteric von siebcn Einheiten, die giundlnli umgear- 
beitet wurde, ist in cincin klcincn Masstnb nut mid oline Jfeitgrcn/e normn 1- 
lsiert vvorden, Die fur jede Euilicit crlmibd. Ztlt lietragl /wei Minmcti, 
Nachctcm die Vciuiclisperson nut einem Bluslift ge.irbulct hat, wird sic 
aufgcfordert, die Scile mit einem Rolstift ferlig /u mncUen mul dir erlaubt 
Korrckturen in Rot anbringcn In dor Wcise wird es mugliili /wei Angaben 
pro Einheit zu erhaltcn Die nuttlcrc Hcuiteilung kaun mis 11 luuldnmgigen 
Beurtcilungcn abgcleitet werden, odei es mogen /wei mitt lore Dnirteiliingcii 
md unci olme Zeithcgicnzuug sem, wovtm jede aul sicken luihciicn bcrnlu 
.Die Batterie lasst Untersrticulnngen /u fin das Alter von neun bis 
vierzelm Jahren, und fui vlcle Versuehspcrstmen time rim Ik dienes U nr fangs 
kann sie die Stanfoid-13inet-Pilifting crstt/cn Us ist cm migcntlimcr Test 
fur den allgetncmen Gebrtuicli in dci Kluuk nnd 1 st kcsnmlerx wertvoll bet 
Her Prufung von Geistcskrankcn, die atif mumlhclic Fi a gen mchl gut 
reagieren 

Die Batterie dient auch ah Kalikrator nicht noininlisKrter Teste, 
In. etoer Anstalt,. in welchcr dieses System n|s Rcwohnkeitsmassige Prufung 
gebraucht wird, ist es moghcli, fast ah Nebcupiodiikt Mntmnl /u aarnmeln, 
das fur die vorlaufigc Normaksicnmg newer Teste weTtvtill ist 

Kpni 
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Bertiia K Duncan 


Introduction 

The purpose of this study is to compaie the ability of blind and 
sighted subjects m learning a new spatial adjustment in which the 
tactile cues are the dominant ones, Foi some time mazes of varying 
patterns have been used with animals and human beings. Most of the 
work with human subjects has been with the stylus maze Cali’s 
(4) repoit of Koch's wotk indicates that the stylus maze presents a 
moie difficult problem for the blind than for those with normal 
vision This was confiimed in a later and moie comprehensive study 
by Koch and Ufkess (11) 

The blind indubitably possess supenority in theii ability to use 
tactile, auchtoiy, and piobably kinaesthetic cues m guidance in certain 
situations It is, thciefore, generally assumed that the acuity of these 
sense-organs is conespondingly increased Seashoie (15) distin¬ 
guishes between sensitivity and ability to use a sense, i e, between 
inborn or innate sensoiy capacity and acquired sensory acuity or skills. 
Expelimental evidence seems to be about equally divided as to the 
supenonty or non-superiority of the tactile sensitivity of the blind 
The diveisity of findings may be attubuted to the lack of umfoimity 
in conditions undei which the vanous experiments weie conducted 
In the deteunmatian of tactile sensitivity, or tactile discrimination of 
space, the “two-point threshold” method has largely been used. 
Impoitant modifying factois heie are the kind of aesthcsiometei 
used, the degiee of attention given, and the chance suggestions 

^Recommended by Walter R Miles, accepted for publication by Carl 
Murchison of the Editorial Board, and received in the Editorial Office, May 
5, 1933 

[•The publication of this manuscript has been made possible by a subsidy 
from the American Foundation for the Blind 

1 The wntei is indebted to Di Helen Lois Koch, formerly of the Univei- 
sity of Texas, for suggesting the problem and proceduie, and to Di, Walter 
R Miles of Yale Umvcnuy foi the maze used and foi other aid and 
encoru agement u\ preparation of the manuscript 
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received These have been neither adequately con trolled noi con¬ 
sidered in the conclusions drawn fiom manv of tiic experiments. 
Gricsbach (6) gives an claboiate account of cailiei work along this 
line, particularly that of Czcimak, Gartnci, A Stem, and Uhthoft 
The fiist three individual mentioned found the blind to lie svipenm 
to the sighted in tactile disci limitation of space, while Uhthoft found 
no difference. Giiesbach’s experiment, however, pointed to the fact 
that there was a difteicnee, which, though slight, proved disadvan¬ 
tageous to the blind 

Experiments by Burnell and Stowcll repotted by Sti.itton (16) 
seemed to show also that the blind were slightly supeiim. Seashore 
(15) found that the thicshold for the blind was ncitlici lower noi 
higher than for the sighted, although the lattei varied within the 
group more than the foimcr, This is one of the cailiei evpciuncntb 
in which there was an attempt to equate the two gioups on the basis 
of intelligence; yet age as a factor was neglected. 

Several othei studies show icsults pcitinenl to inn pioblcm. 
Stratton and Blown's (16) findings suppoit the cailiei experiments 
of Czeimak, Gaitner, and Stowell. Cair’s (3) expet iment.il woik 
with white lats confirmed the findings ot Watson (20), Boguidus 
and Henke (1), and Vincent (18) that the white rat learns the 
standard type of maze piimaiily in tactu.d and knuestlictie in ms, 
control being gradually transfeued fiom contact to kimiesthesis, and, 
when the response is pcifccted, the function is a kin.icsthetit motor- 
coordination It is piobable, m fact it is evwlenccd by Vincent’s 
woik, that visual, auditoiy, and olfactoiy cues me used, but fm the 
white iat they scein less effectual than those of contact and kinacs- 
thesis, Pcirin (14), in his woik on the mn/c learning of hum.in 
beings, concludes that their gencial handling of tlic siiuation was 
not outstandingly different fiom that of animals as described by 
Watson, He further states that, as in Watson’s woik, the cutaneous 
and kinacsthetic cues were of basic impoitancc And, lastly, foi tins 
brief review Knotts and Miles (10), using a lugh-rolicf fingei maze 
as was used in this experiment, and also a stjlus maze of the same 
* pattern, find that the foimer type of maze is a less difficult pioblcm 
for both the blind and sighted subjects. They also find that the 
stylus maze ismoic difficult for the sighted than foi the blind, while 
the linger maze is of about equal difficulty foi the two gioups, 
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Method 

In tins study the blind subjects were high-school students fiom the 
Texas State School for the Blind located at Austin; their ages 
ranged fiom 13 to 25 yeais Results were obtained for a total of 59 
blind subjects, but only 30 weie successfully matched in intelligence 
and scholastic standing with sighted subjects, Latei in the discussion 
it seems feasible to use the entite gioup of 59 blind when no com- 
paiisons are attempted with the sighted gioup, hence the terms 
"matched” and "total” blind gioups will be used 

The visual expcilence of these individuals varied widely, since 
admission to the school foi the blind is based on the definition of 
blindness as ‘‘inability to piogiess normally with seeing children in 
public schools,” The inadecjuacy of this definition is obvious 
Many totally blind have not been so from birth, most of the subjects 
were not totally blind. Of the last-named group visual efficiency is 
lepiesented in vaiying degices desenbed as “shadow vision” (ability 
to distinguish light fiom dark), described by the oculist as light-pcr- 
ception, ability to distinguish objects in a loom, recognition of 
colors, ability to read headlines of a newspaper, ability to lead ordi¬ 
nary print for a short time; and othci degices of visual acuity. 
Visual experience, however imperfect oi limited as to tunc, seems 
materially to affect an individual’s maze-learning ability since Koch 
and Ufkess (11) found that those who had had visual experience 
moie neaily approached the sighted in success of response than did 
the totally blind Table 1 desenbes the blind subjects and their 
visual efficiency. They are arranged in descending oidci of degice 
of blindness, in some cases the degree is the same. 

The sighted subjects were selected fiom senioi high-school stu¬ 
dents An attempt was made to equate the two gioups on tile basis 
of intelligence test scores and chronological age, Table 2 gives the 
two gioups paned according to these two catena. The findings of 
Waiden (19), Hunter (8), and Tolman (17) indicate that intelli¬ 
gence facilitates success in the maze-lcaining piocess, while those of 
Hcion (7) indicate that individual ability and chance aie factors of 
about equal importance in this type of learning Also we must • 
considei intelligence since the same factrns causing blindness may 
have produced a mental deficiency 

The sighted subjects were selected fiom high-school classes in type¬ 
writing All students in the school for the blind are requned to 
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TAB LIS I 

Tup j uir.it Matched Blind Suiijiit* wimi Dh,iim 01 Biindni-ss and 
Duration di Sif.in 

Oculist’s 


Sub¬ 

ject 

report* 

REV LEV 

Degree of blindness 

Duration of 
sight 

6 

0 

0 

total 

5 m 6 years 

7 

0 

0 

total 

18 months 

13 

LP 

0 

objects, colors 

birth 

15 

0 

LP 

total, partial to 12tti year 

12 \t,iis 

16 

0 

LP 

reads piuu sonic 

6 months 

17 

0 

LP 

light and darkness, colors 
light and darkiuss; tells lime 

3 years 

18 

F 6 in 

0 

2 years 

19 

0 

FI ft 

light and darkness, headlines 

birth 

23 

LP 

LP 

large objects between light 

birth 

2+ 

LP 

LP 

and eye 

light and darkness 

7 or 8 years 

26 

LP 

LP 

some light 

3 months 

27 

LP 

LP 

light 

1 year 

28 

LP 

LP 

large print 

2 months 

29 

LP 

LP 

light and daikncss 

1 veus 

31 

LP 

LP 

objects, calms 

7 mouths 

32 

LP 

LP 

light and daikncss 

16 months 

33 

LP 

LP 

objects, mlors 

birth 

34 

LP 

LP 

partial, culms 

both 

40 

FI ft 

F 1 ft 

light, (olors 

13 years 

42 

F 2 ft, 

F 2 ft 

lends ordinary punt some 

hi lb 

44 

F 2 ft 

F 3 ft 

reads pilot (dislocated lens) 

birth 

46 

F6 ft 

F 6 ft 

reads punt some 

In nli 

47 

F 6 ft 

FiOft, 

(double dislocated lens) 

birth 

51 

20/200 

10/200 

objects, recognizes people 

G yeats 

53 

20/200 

20/200 

large print 

birth 

54 

20/200 

20/200 

icads print; guiwtng wot sc 

liuth 

55 

20/200 

20/200 

lends large print 

less than I year 

56 

18/50 

10/200 

(normal until 5 years ago) 

11 years 

57 

20/50 

20/70 

partial; reads print 

birth 

59 

20/200 

20/20 

rends headlines; albino 

birth 


*0 indicates total blindness; LP indicates the individual lias mil) the 
ability to tell light fiom dark; F 6 in indicates the individual ran dis¬ 
tinguish or count fingcis at a distance of 6 inches fiom llie* t)e The figures 
are in terms of Snellen's chart, eg, 20/200 indicates the ability to iriul the 
200-line of this chart at a distance of 20 feet; 20/20 is normal vision 

study typewriting, beginning in tile last ye.ti of element ,uv school 
It may be said that different amounts of juactue in type willing will 
make foi diftei ent tates of speed of symbol it i espouse, arid that those 
subjects of the lowci grades will be handicapped since the fnsi-veai 
high-school, blind students, foi example, had studied ivpewiiting only 
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one yeai, those of the second vcai two years, etc It is also true, 
howevei, that sighted individuals write longhand at different latcs 




Mean 17 6 60 9 Mean 17 5 60 8 
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the typewriter. The diicctions {m giving and sailing the test were 
followed exactly except that a bell was tapped to stop the t) pcwi iting 
so that the subjects might hear the reading of the next question. 
The typing was stopped at the sound of the hell, then all shifted 
simultaneously to the next position and wrote the number of the next 
question and then awaited the reading of that question. The 
experimenter was aided by two monitors m wmtrollmg this time 
factor. That this test is a fniilv good measure of relative mental 
ability is indicated by the fact that test results foi a total of 59 
sighted subjects gave a mean of 63 and a median of 63, and fm 59 
blind subjects a mean of 60 and a median of 61 Further evidence 
is given by the fact that for the blind subjects the coefficient of eone- 
lation is 61 ±.07 between the lesnlts of this lest and avciage ratings 
of the subjects by five tcacheis who Ji.ivc taught in the school foi the 
blind 

The objection mny be raised that the blind aie a retarded gioup 
from an age-basis point of view, since thev often enter school later, 
hcncc the sighted subjects will he a mentally deficient gioup if 
selected on an age basis alone The pairing of the two gioups on 
the bases of age ami intelligence test seme-* will in a measrm' obviate 
this difficulty. 

The maze used was a high'relief finger-main* designed by Dr. 
Walter R, Miles. It was of the gcncial tvpc described by him in air 
earlier article (13). The design of the raised pattern was made of 
nickeled wire staples driven into a Jacqucied panel. The pattern 
was that used by Koch and Ufkess (H), The actual si/e of the 
maze was 12 x 12 inches and it had seven blinds, F.ach section was 
numbered consecutively, and tile even minibcis constituted the line 
path, hence the iccoiding and interpretation of (he path tiaccd was 
simplified. 

The subject was seated comfoitablv at a narrow table with tire 
coveicd maze before him, The preliminary instructions were then 
given: “In this experiment you wdl leam the fomi of a raised pat¬ 
tern by passing your finger over it while join eyes aie covered with 
a comfortable blindfold.” The subject was then blindfolded in 
the manner described by Miles by means of goggles with adhesive 
tape on the inside of the lens. The goggles were lined ufiesh each 
time with absorbant papci in order to insme blindfolding around the 
edges and foi sanitary precaution. 
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The hand tliat was not used In tracing was placed at the lower 
corresponding corner of the panel to insure constant oilentation. 
For tracing the pattern the subject used the index finger of the hand 
with which he wrote. The finger was eithei flexed or extended as 
found most comfortable, and was applied to the maze at an angle 
of about 45 degrees, the othci fingers weie flexed as though painting 
with the index finger The experimentei placed the subject's index 
finger on the “sample" section of the maze and, guiding the finger, 
instructed the subject thus 

This is the staiting-point, a single hump This la the finish¬ 
ing point at the end of the path, a double hump All the 
paths that make up the pattern are just of this width ami 
feel like tins, They are made of nickeled wne staples driven 
into a lacqueied panel This is a blind alley or a jump-off 
place and you feel how it comes to an end unconnected with 
any other path —'Now we will make a trial on the pattern 
which yon ate going to learn Everyone requires several 
trials to learn how to go through the paths perfectly, that 
is, without going into any of the blind alleys In our lesults 
accuracy is somewhat more important than speed 

The expeiimentcr recorded the actual tiacing of the path by the 
numbcis on the divisions and recorded time by means of a stop¬ 
watch The entenon of learning was three consecutive correct 
tracings Other experimenters have used the same. Lashlcy’s (12) 
findings indicate that prolonged training offeis no advantages for 
reliability of results if the pioblem is a statistical comparison of 
diffeicnt groups by a single standard of achievement He also found 
that three coirect runs represented about the limit of training foi 
white rats, basing his conclusions on a high positive coefficient of 
correlation between variations in the numbci of tuals preceding the 
fiist coriect run and variations in the number preceding six consecu¬ 
tive coirect runs 

The experimenter further lecoidcd the mtiospective reactions 
of the subject as to the method of learning, i e, whether he learned 
the maze by giving lumself verbal directions, by building up a visual 
image, oi depended largely on kinaesthcsis as a cue in determining 
the path tiaccd The subject was also given a sheet of oidinary 
typewriting papei and ashed to draw the path he had tiaced, and 
was encouraged to use h ,th hands In the piocess The attempt in 
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this case WAS to get at spatial image!v, specifically to d etc i mine 
whether oi not the individual recognized the geneval dnectmn as 
represented by free-hand cm vet, 

Rlsulis 

The data were analyzed by statistical methods legitimate foi tlic 
mmibet of cases. Ccntial tendencies and vailabilities ate presented 
together with corielutions computed by the runh-diffei elite method 
This method was vt^cd smcc m each guiup one maikcd deviation 
tended to overshadow ccntial tendencies In the matching of 
subjects chionological age was used in lenns of the neatest ye.n. 
It did not seem feasible to extend the matching to months since 
the exact date of birth of scvcial of the blind students t\as not 
known. The pairs of subjects in clnonolugical age cm ielated 
.91±:.02 and in intelligence test score, ,9HJ:,05. 

The maze-learning lesults m tcinis of total tuals, total cnois, 
total time, and avci.igc tunc aic given for both the blind and the 
sighted gioups in Tabic 3 The median chionological age foi the 
blind group is seen to be 17.5, as compared with 17 foi the sighted 
group, and the means aie 17.6 and 17.5, icspectivelv. The median 
test scores aie identically the same, while the means diffci by only 1 
Hence it seems that the two groups aie well matched so fju as the 
two criteria arc concerned and the results of their iu,uc-U\unmg 
activities should be comparable 

The learning of the maze pattern by the two gioups seems to he 
little difterentiated so far as Lite cutciia of learning employed ate 
concerned. The medians foi the blind gioup with ivg.ml to total 
trials, total eirois, total time, and nvriage tunc ate 8, 12 1, 21 15, 
and 22 5, as compared with 9, 12, 162 5, and 22 5 foi the sighted 
group. The only significant diftciencc is m total turn, m whuh 
the sighted gioup shows a decided supeiiontv. The me ms foi the 
same critena of the blind group aie 9 9, 18 9, 248.9, and 26 7, as 
compared with 10.4, 15,5, 245 6, and 23 6 foi the sighted It is 
significant that the two means foi the total time, 248 9 and 245 6, 
foi the blind and sighted gioups do not vaiv maikedlr, while the 
medians of this criterion of learning aie 2M 5 and 162 5, n-spec- 
ticcly. If the median is u.ed as the haus of conip.inson the sighted 
gioup is decidedly supenot in this icspect, but if ur use tin means 
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Median 17 S 61 5 8 12 5 213 5 22 5 17 61 5 9 12 0 162 5 22 5 

MD 12 7 1 2 5 13 7 118 7 10 8 1 13 7.3 4 10 3 116 4 6 25 

SD 1 5 10 03 3 3 21 2 121 6 10 7 1 5 9 7 5 7 53 119 6 44 

QD 15 7 3 7 13S 3 7 5 7S3 4S 56 543 
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there appears to be little dittcicncc, although the Mghted make fewer 
errors and arc a little Quicker than the blind 

It is possible that the maze pattern used printed little MrcnUy 
to most subjects as to be inadequate as a leaiuiiu; puihlem If we 
examine the data with lcfcience to tiials to le.nn, wc find that the 
average is 9.9 foi the blind and 10.4 for the sighted gioup, as com¬ 
pared with .Husband’s (9) 16.7 m using a ma/e pattern piesenting 
more possibilities of cnor. This would induale that tins paititular 
pattein is not too easy if the cnteiion of aveiuge niunbei of tiials 
is accepted Knotts and Miles’s (10) findings with a high-ichcf 
maze of the same pattern ns that used b\ Husband were 49 ami 38 
tiials to learn foi the blind and sighted gamps, respectively. In 
the total numbei of trials, the blind as a gioup are slightly superior 
botli as to mean and median semes. The eiroi stoics show medians 
approximately the same for botli gioups, hut the sighted gamp has 
the advantage of a slightly lower mean than tile blind gioup, The 
difference amounts to 18 per cent. 

Analyzing the data from the standpoint of individual recouls, 
we find little evidence of gioup diffeiences 'f lic best iccoid, fiom 
the point of view of the ciitcna employed, is that of Subject No. 2Sr 
of the sighted gioup, who lmd three tnals, no enois, and a total time 
of 120 seconds, with an avciagc time of 40 seconds, The explana¬ 
tion of no errois can piobably be asenbed to chance, The best 
record from the time ciitciion is that of Subject No 57 of the blind 
group. This subject’s total time is 62 seconds, with an avciagc time 
of 9 seconds; yet his total trials and total cirois aie also significantly 
low, being 7 and 9, icspectivcly. Consulciing indnidu.il cases from 
the point of view of poor pciformanccs the hugest total tunc lecoul, 
1264 seconds, is that of a sighted subject, No 23r, who also has the 
largest average time record, 45 seconds, of the sighted gioup. This 
individual shows a record of 28 trials ami 40 emus which is the sec¬ 
ond largest error score m this gioup, and is the largest tital score 
The individual score showing the largest numhci of cirois is that of 
Subject No 31 of the blind gioup, with 102, as computed with a 
score of 63 for the sighted gioup. We see that total time as a 
criterion places the pooicst scoic in the sighted gioup, The sighted 
group also has the poorest total trial seme In. general, it is seen 
than an analysis of individual iccouls givis supmmity to the blind 
gioup so f<u as good recoids arc concerned; it is also tiue that mmc 
poor lccoids aie found in the sighted gioup. 
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Coefficients of Correlation 

The correlations between eh ro no Logical age, intelligence test scores, 
and the cntcria of learning the maze pattern are given in Tabic 4 


TABLE 4 


Maze Scores Correlated wnn Ciironoiocical Age and with 
Intelligence Test Scores 


Intelligence 
test score 

Tunis Errois 

Total time 

Av time 

CA + 20+.12 

Intelligence 

Blind subjects 



+ 08+12 —13± 12 

—.07 ± 12 

— 24+ 12 

test scoic 

'—18±,12 — 62±08 

—■ 49 z+.09 

+ 25± 12 

Tnnls 

+ Sl± 04 

+.78± 05 

+ 30+.11 

Eirois 

Total time 

Sighted subjects 

+ 82+0+ 

+ 41+ 10 
+ 75+ 05 

CA + 06+ 12 

Intelligence 

— 12± 12 — 24+12 

—,30± 11 

+ 01+ 12 

test scoi e 

— 30+ 11 — 36+ 11 

— 39± 10 

—,11+ 12 

Trials 

+.86+ 03 

+ 73+06 

— 24+ 12 

Eriors 

Total time 


+ 71+ 06 

— 29+ 11 
+ 33+ 11 


The correlations between trials and enors, tnals and time, and 
enois and time for both gioups aie high, ranging fiom .71=fc 06 to 
,86d= 03 The correlations between aveiage time and othei 
measmes of maze learning employed lange fiom —29± 11 to 
+- 33db 11 foi the sighted group It would seem that average tune 
is less significant as a measure of maze-leairung ability than the other 
criteria employed 

The intelligence test score has a higher degtee of relationship with 
maze-leai mug ability than does chionological age. The coefficients 
of correlation aie all negative foi both groups, langing from 
—.18±.12 to —62±.08 foi the blind and from —30±.ll to 
—,39± 10 foi the sighted gioup The negative coefficients in this 
case are to be interpreted as meaning that those with higher intelli¬ 
gence test score succeeded better in maze learning as indicated by a 
lowei score, Chionological age shows coefficients of cot relation of 
08 ± 12, —13 + 12, and —07± 12 with total trials, total ciois, 
and total time, respectively, foi the blind gioup, as compaied with 
coefficients of — 12± 12, — 24± 12, and — 30± 11 foi the sighted 
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group. The latter gioup of coefficients indicates that the older 
succeed slightly bcttei than the youngci lhc coefficients foi the 
blind group are so small as to he negligible. Foi both gioups the 
coefficients aie smallei than in the case of the intelligence test 
scotes. 

Comparing these results with those of Knotts and Miles (10), 
which they obtained using a more mtiicate maze pattern, we see 
that iri both cases the coefficients of con elation between measiiies of 
intelligence and cntciia of maze learning aie all negative foi both 
groups, though those for the blind repotted in this study aie maikcdly 
lower than those xeported by Knotts and Miles, in the case of the 
sighted the coefficients aie slightly lughei than Knotts and Miles 
have found Chronological age in both studies shows a negative 
relationship with maze scoies foi the sighted group, with coefficients 
of Knotts and Miles's study somewhat highei In the latter study 
chionological age foi the blind gioup gives negative hut low coeffi¬ 
cients with maze scoies, while those of tins study aie also significantly 
small and lange fiorn low positive to low negative The tiends 
seem to be the same in both studies in spite of the dilfciencc in size 
of the coefficients Whcie the coefficients aie negative in one case 
and positive in the othei they aie small enough to he negligible m 
both instances. 


Rati of Li- mining 

The numbci of cirois in the fiist timl of the blind gioup is 
maikedly gieater than that for the sighted gioup* 172 as compatcd 
with 12 The next gicatest diffcicncc is that of the fifth tnal* 61 
as compaicd with 31 At the sixth tnal the two gioups aie appioxi- 
matcly the same, and at the seventh the sighted gioup shows moie 
errors* 15 as compared with 10. The eighth and ninth litals show 
the two groups approximately the same, and in the next tin ee class 
inteivals the blind gioup goes below that of the sighted No blind 
subject required more than 13 dials for mastciing the maze, while 
one sighted subject requued 25 tiials. In othei wouls, it seems 
that in the beginning the blind subjects find the learning ptoblom 
more difficult, but by the time the sixth tnal is icached they 
appioximate the success of the sighted, and by the eleventh tnal they 
surpass the sighted group. Thctc is some indication that tlu* blind, 
when near the middle of the learning, cxpciienced an emotional dis- 
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turbance due to a glowing feeling of failure which did not occur 
to such an extent in the sighted group 

Analysis of Difficulties 

Theie were veiy slight diffeiences between the two groups with 
reference to fiequency to cntiancc into each cul-de-sac Nos 1, 7, 
and 11 icpresent movement straight ahead, of which 11 gives the 
largest average numbei of eriors foi both blind and sighted. The 
second lnigest numbei of entiances is into No 1. For both gioups 
alleys 1 and 11 are most difficult, alleys 3 and 7 relatively easy, alleys 
5 and 9 lepicsent neithei the easiest nor the most difficult In one 
aspect these Jesuits are identical with those of Knotts and Miles 
(10), the sighted gioup is consistently slightly superior in legaid to 
entrances into the various culs-dc-sac, 

Relation of Visual Experience to Maze Learning 

In older to determine the relationship, if any, between quality and 
quantity of visual experience and ability to master the finger maze, 
the entire blind gioup of 59 subjects are presented in Table 5 
classified accoiding to their gross seeing ability, the length of visual 
experience, and the oculist's summation of then degiee of sight 
The length of visual expeuence and the description of their gioss 
seeing ability is expiessed in terms which the individuals themselves 
used in descnbmg then experiences These individuals were then 
divided into foui classes Class I, those who have had pci feet vision 
one yeai oi moie, now have impcifect, Class II, those who have had 
perfect vision, but now aie blind , Class III, those who have had 
impcifect vision, but now aic blind; Class IV, those who have 
always had an<l now have imperfect vision This classification is 
given in Table 6 The maze results of these individuals aic also 
given in this table Within the classes the subjects aie aiianged 
in descending oidci accoiding to degiee of blindness The lesults 
of maze-learning cntcria seem to substantiate the findings of othcis 
that in this type of problem visual experience does aftect success of 
maze learning In othci woids, those who have had peifect vision 
and now aie blind, Class II, aie the most successful m the solution 
of the maze problem, these aic laigcly individuals who have lost 
then vision through accident oi disease A summaiy of Table 6 
given below shows this tendency moie cleaily 
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TABLE 5 ( continued) 

$ub- Oculist*s Report Description of degree of blindness Duration of blindness 
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Oculist’s Report 

ject 

REV 

LEV 

+1 

F 1 ft 

F 1 ft 

4 2 

F 2 ft 

F 2 ft 

45 

F 5 ft 

F 2 ft 

44 

F 2 ft 

F 3 ft 

45 

F 2 ft 

F 4 ft. 

46 

F 6 ft 

F 6 ft. 

47 

F 6 ft 

F 10 ft 

4S 

LP 

10/200 

45 

F 6 m. 

5/200 

50 

5/200 

F 1 ft 

51 

20/200 

10/200 

52 

20/200 

1 S/200 

53 

20/200 

20^200 

54 

20/200 

20/200 

55 

20/200 

20/2 00 

56 

IS '50 

10^100 

57 

30 '50 

20'70 

5S 

IS'200 

1S/20 


59 


20/200 


20 '20 



CO 


TABLE 5 (t&Tihxufd) 

Description of degree of blindness Duration of blindness 


reads headlines in newspapers 
reads ordinary print; writes, very 
near-sighted 
sees colors, objects 
reads large print; dislocated lens 
reads large print 

reads punt some 
double dislocated lens 
reads print, sees colors 
reads large print 

reads some 
reads print some 

reads ordinary print, nerve atrophy 
sees objects, reads large print 
reads ordinary print 

reads large print 
reads print some 
reads print 
reads some 

reads newspaper headlines, masie 
cantions, etc 


since two months old 
congenital 

congenital 

congenital 

scarred retina from measles at five 
years of age 

congenital optic nerve defect 
congenital 

since eleven years old 
blind at six months, only sight per¬ 
ception from six months to sex eo 
Sears 

infection at six months 

since six months old 

through sixth grade in public school 

congenital 

gradualK worse since seven vears 
old 

scarlet fever at Jess than one year 
public school ios six 
through fourth grade m public school 
diphtheria at two years, settled in 
eyes 

congenital, albino 
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"blanks indicate that data m those columns vvcie not available foi that 

subject 
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TABLE 6 

Grouping or the Blind Students According to Their Visual Experience 

Subject CA Test Trials Errois Total Average 

scoie time time 
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third. The only exception in cither case is that of the mean average 
time scoie of Classes III and IV, here we find Class III talcing 
fomth rank and Class IV taking third place In the case of median 
trial score, Classes I and IV are identical. The consistency of these 
tendencies is quite significant in so far as relationship of quality of 
visual experience and maze success is concerned. 

An attempt has been made in Table 7 to repicsent maze learning 
in terms of the piesent degree of visual experience The entire blind 

TABLE 7 

The Blind Students Arranged According to Their Degree of Vision 


Subject 

CA 

Test 

score 

Oculist's 

leport 

REV LEV Trials 

Maze 

Errors 

results 

Total 

time 

Aver¬ 

age 

tune 




Class I—blind in both 

eyes 




I 

21 

60 

0 

0 

11 

4 

144 

13 

2 

13 

48 

0 

0 

7 

10 

170 

7 

3 

17 

— 

0 

0 

6 

6 

120 

20 

4 

19 

70 

0 

0 

6 

7 

183 

31 

5 

20 

38 

0 

0 

8 

11 

350 

44 

6 

20 

70 

0 

0 

8 

21 

168 

21 

7 

16 

79 

0 

0 

6 

5 

131 

23 

Mean 

IS 4 

60 9 



74 

9.1 

180 9 

22 7 

Median 

19 

65 



7 

7 

163 

21 

Class //- 

-blind 

m one eye, 

light perception 

in the 

other eye 


S 

21 

60 

LP 

0 

11 

4 

144 

13 

9 

25 

— 

LP 

0 

12 

19 

227 

19 

10 

21 

— 

LP 

0 

10 

12 

142 

14 

11 

15 

50 

LP 

0 

19 

31 

469 

25 

12 

16 

— 

LP 

0 

6 

7 

138 

23 

13 

23 

60 

LP 

0 

7 

7 

151 

22 

14 

17 

72 

LP 

0 

6 

7 

63 

11 

15 

18 

61 

0 

LP 

8 

7 

294 

37 

16 

17 

91 

0 

LP 

9 

13 

326 

36 

17 

16 

56 

0 

LP 

5 

3 

87 

17 

Mean 

18 9 

6+1 



9 3 

10 9 

206 1 

21 7 

Median 

17 5 

60 



8 5 

7 

147 5 

20 5 

Class III—blind m one eye, mot 

e than light perception 

in the other eye 

18 

17 

71 

F 6 in 

0 

6 

9 

131 

22 

19 

16 

59 

0 

F 1 ft 

8 

37 

262 

23 

20 

25 


6/200 

0 

9 

15 

632 

70 

21 

16 

45 

0 

6/200 

6 

6 

97 

16 

22 

22 


4/20 

0 

12 

22 

205 

17 

Mean 

18,8 

58 3 



S 2 

17 8 

265 4 

29 6 

Mcdmn 

17 

59 



S 

15 

205 

22 
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TABLE 7 ( continued ) 


Subject 

CA 

Test 

scoie 

Oculist’s 

rcpoit 

REV LEV 

Tunis 

Maze 

Eirois 

results 

Total 

time 

Aver¬ 

age 

time 

57 

17 

67 

20/50 

20/70 

7 

9 

62 

9 

58 

20 

63 

20/200 

18/20 

4 

4- 

123 

21 

59 

20 

62 

20/200 

20/20 

8 

11 

125 

16 

Mean 

IS 

58 9 



7 7 

12 7 

226 7 

26 9 

Median 

18 

60 



7 

11 

166 

22 


SUMMARY OF TABLE 7 

The Blind Students Arranged According to Their Degret of Vision 


No of 


Test 



Total 

Average 

subjects 

CA 

scoie 

Trials 

Enors 

time 

time 

Class I 

7 







Mean 


184 

60 9 

74 

91 

180 9 

22 7 

Median 
Class II 

10 

19 

65 

7 

7 

I6S 

21 

Mean 


18 9 

64 1 

9 3 

10 9 

206 1 

21 7 

Median 
Class III 

5 

17 5 

60 

8 5 

7 

147 5 

20 5 

Mean 


IS 8 

58 3 

82 

17 8 

265.4 

29 6 

Median 
Class IV 

12 

17 

59 

8 

15 

205 

22 

Mean 


17 1 

60 

11 

31 

323 

28 4 

Median 
Class V 

2 

16 5 

62 

11 5 

19 5 

287 

29 

Mean 
Class VI 

11 

20 5 

— 

12 

13 5 

180.5 

15 5 

Mean 


19 1 

52 6 

10 5 

23 7 

256 1 

2+3 

Median 


19 

53 5 

8 

9 

177 

21 

Class YU 

1 

23 

60 

7 

7 

145 

20 1 

Class VIII 

2 







Mean 
Class IX 

9 

21 

51 

3 

9 

245 5 

24 5 

Mean 


18 

58 9 

7 7 

127 

226 7 

26 9 

Median 


IS 

60 

7 

11 

166 

22 


group has been divided into the following nine classes 1 I, blind in 
both eyes, II, blind in one eye, light peiception in the otlici, III, 
blind in one eye, more than light peiception in the othet, IV, light 
perception in both eyes, V, fingei perception m one eye, light pei~ 
ception in the other, VI, fingei perception m both eves, VII, light 
peiception in one eye, more than light peiception in the othei, VIII, 
fingei peiception in one eve, more than finger peiception in the otliei, 
IX, moie than finger peiception m both eyes Within these gioups 
the subjects have been ananged m descending oider according to 
degiee of blindness, piovided there is a diffeience, in Classes I, II, 
and IV there is no possibility for arinngement within the class. 









90 


BFRT1IA K. DUNCAN 


Classes VI and IX include the most successful Icarneis, Subjects 
42 and 58, respectively, with four trials each, Class VI also con¬ 
tains the individual, Subject 41, with the largest tiial seme, 32. 
The least number of cnors is that of Subject 17 in Class II, while 
the largest number is that of Subject 37 of Class VI. The longest 
total time record, 935 seconds, is that of Subject 41 in Class VI, the 
shortest, 62 and 63, arc those of Subjects 14 and 57 of Classes II and 
IX, respectively 

Thus it seems that the present dcgiec of vision is of much less 
impoitance, so far as maze-learning ability is concerned, than the 
amount or duration of visual experience. And both these analyses 
tend to confirm the findings of Koch and Ufkess (11) and Knotts 
and Miles (10) that the extent and duiation of blindness constitute 
an important factor in successful maze learning. 


TABLE 3 

Methods or Learning or the MArciniij Bund and Sionmi Groups Com¬ 
pared WITH THE CrIIFRIA 01 MaZI’ SUCU SS 


Method No 


Verbal 14 

Mean 
Median 

Visual 5 

Mean 
Median 

Kmaesthetic 1 

Mean 
Median 

Verbal-visual 9 

Mean 
Median 

Verbal 14 

Mean 
Median 

Visual 8 

Mean 
Median 

Kinaesthetlc 4 

Mean 
Median 

Verbal-visual 3 

Mean 
Median 


Tunis hi ion 

Ititiul 


77 

9 1 

3 

9 

13 8 

41 8 

12 

29 

12 

13 

8 9 

17.9 

8 

Sighted 

14 

9,9 

147 

9 

12 

85 

16 

8 5 

19 

19 

24 5 

20 

25.5 

7 3 

7.3 

6 

6 


'I olnl 

time Av lime 


176 1 

22.9 

132 

21 

389 

30 4 

282 

22 

402 

33 

239 1 

26 6 

219 

29 

2U3 

22 5 

179 

22 

181 

215 

153.5 

21 

522 5 

25 5 

319.5 

22 

184 

25 

188 

24 
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Methods of Learning 

The records of the maze learning of both groups include an intro¬ 
spective report as to how the subject Learned the maze, ie., as to 
whether his learning was largely verbal, visual, kinaesthetic, or a 
combination of any of these. Verbal learning is here characterized 
as that in whicli the individual gives himself directions, counts, etc, 
either aloud or silently; visual learning is that in which the individual 
foims a mental picture or visualizes the maze pattern, {anaesthetic 
is used to desciibe learning in which the subject said that he had a 
certain muscular "feeling" when he reached the place to turn, 

Table 8 gives the comparative results for the matched blind and 
sighted groups, and Tabic 9 piesents those for the total blind and 
sighted gioups It is seen that almost half of each group in each 
case used the veibal method Theic is evidence in the case of each 


TABLE 9 

Methods of Learning of the Total Blind and Sichted Grouts Compared 
with the Criteria of Maze Success 


Method 

No 

Trials Errors 

Total 

time 

Av time 

Verbal 

Mean 

26 

Blind 

15,4 

16 

229 6 

24 3 

Mcdinn 


7 

9.5 

156 5 

22 

Visual 

Mean 

14 

9 

23 

257 

26 

Median 


S 

9 

196 5 

28 5 

Kinnesthctic 

Mean 

S 

11 5 

10.9 

190 5 

16 S 

Median 


11 5 

12 5 

216 

20 5 

Veibal-visiial 

Mean 

11 

95 

165 

244 5 

25 7 

Median 


3 

13 

2L9 

23 

Verbal 

Mean 

21 

Sighted 

9 

14 3 

212 8 

25 4 

Median 


8 

11 

176 

23 

Visual 

Mean 

9 

81 

14 8 

18+ 3 

24 7 

Median 


S 

10 

149 

25 

Kinaesthetlc 

Mean 

4 

19 

24 5 

522 2 

25 5 

Median 


20 

18 

320 

22 

Vci bal-visnnl 
Mean 

5 

72 

104 

177 

24 8 

Median 


6 

a 

188 

24 
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ciitcua of maze learning of the supniontv of tlu- verbal ovci the 
otliei methods of learning, except pcilups tliat .1 combination of 
verbal and visual is veiy successful 
A fuitlici check-up on the learning of the individual was afforded 
by the chawing of the tuic path of the maze immediately after 
learning) while yet blindfolded, Of the total gioup of the blind, 15 
failed to (haw squme coiners 01 light angles, they chew the tme 
path as a continuous emve. Of tins mimhn only one lud had visual 
experience of as much as one ve.n ; the greatest degue of vision 
lcprcscntcd in this gioup was that of Subject 19■ REV 1 foot and 
LEV 2 feet Two of the total gioup of the sighted foi whom wc 
have mazc-Icai mng results faded to dmw light-angle tin ns, The 
method of learning of the two sighted subjects was visual and 
kinaesthetic, lcspcctivclv. The rcuml of the first is supcnoi fiom 
the point of view of all ciitcna, that of the otliei gives the longest 
total time foi learning of any mcmbci of citlici gioup, and the second 
laigest numhei of both enors and tuals. It would seem that iligice 
of blindness and amount of visual c\pei ienu* deteimine, to sonic 
extent at least, the concept of the maze denved fiom limited tactual 
experience 


Summary 

1 Fifty-nine blind subjects wcie used in obtaining data on maze 
learning and they weic given the Chapman intelligence test 

2. Tsvo matched gioups, one of 30 blind (selected fiom the 59) 
and the other of 30 sighted subjects, wcic* studied The gioups weic 
matched on the bases of clnonotogical age and intelligence test scoies 
The data for age, intelligence, and visual expeuencc aie given 

3 The means and medians of the ma/c ciitcna foi the two 
matched gioups vary little except in leg.tid to total time, the median 
gives the supcnority to the sighted gioup. 

4, The cuor cuteiion diftcientiates between the* two gioups inoic 
markedly than does the tnal critciion foi both mean and median, the 
median total time critciion also diffcienliatcs llie gioups, 

5 The sighted gioup has the vvidci lange of pci foi mance in ic- 
gard to the total time criterion, it included the pomest icconl found 
and the best lecord found 



MAZE LEARNING OF BLIND AND SIGHTED 


93 


6 The mtcrcorrelations of the scores foi trials, errors, and time 
show coefficients ranging fiom 71 to 86 and appeal equally higlr 
foi both groups 

7 Intelligence, as measured by the Chapman test, corielates with 
success in maze learning; it shows a highci degiee of relationship 
with maze success than does chionological age 

8 In the first tiials the blind learned mote slowly than the 
sighted, but near the end more rapidly. 

9 The degiee of difficulty foi the various blind alleys seemed to 
be closely the same for both groups 

10 Past visual experience was found to influence success in maze 
learning more than does the present degree of sight 

11 Those who have had peifect vision for at least a yeai seem 
to be the most successful in learning the maze 

12. Theie is evidence in the case of each cntena of maze learning 
foi the supeiiontv of the veibal ovci the otliei methods of learning, 
except perhaps when a combination of veibal-visual is used 

13 Of the total blind group 15 faded to diaw square corners 
in reproducing the maze Only one of this number had had visual 
expenence of as much ,ts one year, the greatest degree of vision 
represented in this gioup of 15 was that designated as finger percep¬ 
tion 

14. Two sighted subjects failed to diaw squaie corneas, one of 
these presented the poorest rccoid of any subject in either gioup. 
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UNE ETUDE COMPARATIVE DE L’AITRENTISSAGR DBS LAUY- 
RINTIIES DIGITAUX PAR LIS SUJE'IS AVI- OGLES 
ET NON AVKUGLb S 

(Ristimc) 

Cette Stride est unc compnraison de la capacity i a pp rend re chc/ les sujels 
aveuglea et non aveuglcs dan9 un problimc mi les cuius tat tiles sont domi¬ 
nants. L’outi] a et6 un labyrinthe digital de haut ltlicf de la fomic de par- 
cours employ6c antdrieuiement pai Koch ct Ufhcss I Ventre mi total tit 59 
siijcts aveuglcs 6tucli6s dans ce labyrinthe on a chmsi un gimipe de 30 
aveuglcs ct ces sujets ont ct6 compares il 30 siijcts non aveuglcs c» (erincs 
de 1 age chionologi<|Uc ct dcs rdsultais ties tests d’nittlUgcnet (C’hnpniaii) 
Les intcrcorr6]ations dcs rcsultats pour les 6preuves, les errems et les 
durees montrent des coelhcients qut vnnent tic 0,71 h 0,86 et scmblcnt 
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t'galemcnt elevees pour les deux groupes Duns leg preuueies epietivcs lea 
gveygles ont nppns plus lcntefflent que les non aveugles mats plug rapide- 
mcnt dans les deimeies ct le degre de (hfficultd dca paiccnm a scmblt «\ 
pqu pr£9 le meme pour les deux groupes Dans le9 dpietives moycnnes ou 
midland pour appicndie les aveugles ont 6te un pcu supeneurg aux non 
aveugles et commc gioupe ils ont montie une execution plus liomogenc que 
les non aveugles 

On a constate que I’cxp^iience vmielle antcricure influe sur le succils dans 
l’apprentissagc d’nn labyrinllic; ceux qui avaient prealablement |oui d’une 
bonne vision pendant line annde du moms ont scinble les aveugles qui ont 
le plus idussi ri aprendre le labyunthc La supGriorite de la rnethode ver¬ 
bals aux auties mdthodes s’est monti^e Le labyrmthe s’est compose de 
tournants ft coins can^s, cepcndant IS aveugles compares ft 2 non aveugles 
n’ont pas mis les coins caries cn rcproduisant le labyrmthe de memoire. 

Duncan 


EINE VERGLEICHENDE UNTERS\JCHONG ttEBER DAS ERLERNEN 
EINES FINGERLABYRINTHS DURCII BLINDE UND 
SEHENDE VERSUCIISPERSONEN 

(Refcrnt) 

Diesc Untersuchung ist ein Vergleich dcr Lernfahigkeit blinder und 
sehcnder Versuchapersonen mit Bczug auf em Pioblem, wobei die Tast- 
merkmale dominicrten, Das Instrument war ein Hochrelieffingerlnbynnth 
ernes Pfndmustcrs (patli-patterr), wie ea fruher yon Koch und Ufkess 
gebrauclU wurdc, Von insgcsamt neunundfunfzig Vcrsuchspersontn, die 
mit Hinsicht auf dieses Labyrinth studicit wurden, wiirde cine Gruppe 
von 30 blinden ausgcwalilt, und diese Veisuchspersonen wurden mit 30 
sehcnclen Ycisuchspeisonen nach chronologischcm Alter und den Angaben 
ernes Intclligensdests (Chapman) gepaart Die Interkorrclationcn dcr 
Angaben fur Vcrsuchc, Felder und Zcit weiscn Koeflizienten vom Betrag 
0,71 bis zu 0,86 auf und scheineu fur bcide Gruppen gleich hocli zu sein 
In Erstveisucben lernten die Blinden langsamer als die Sehenden, abet 
gegen das Ende schneller, und dcr Schwierigkcitsgrad dei Wege scliicn 
nahezu dersclbe 7u sein fur heide Gruppen Bei mittleren (mean or 
median) Leinversuchen waicn die Blinden den Sehenden ein wemg ulier- 
legen, und als Giuppe war due Leistung homogencr als die der Sehenden, 
Seheifahrimg in dcr Verangenheit beeinllusst den Leinerfolg mi Laby¬ 
rinth, diejemgen Blinden, die sich fruher wemgsten ein Jahr lang guter 
Sehfahigkeit eifrcuten waren nin eifolgmchstcn im Labyrinth 
Es wuide erne tlbeilegenheit der verbalen nbei andere Lcrnmelhoden 
nachgewiesen Das Labyrinth bestand nus lechtvvinkhgen Wedungen, aber 
15 Biinde und 2 Sehende tiugen beim Versueh, das Labyrinth aus dem 
Gcdachtnis zu reproduzieren, kerne lechtwinkligcn Eckeu ein, 


Duncan 



THE EFFECTS OF REPEATED AUDITORY STIMULA¬ 
TION UPON TIIE GENERAL ACTIVITY OF 
NEWBORN INFANTS’* 1 

From the Department of Psychology of Ohio Stale University 


Karl C. Pratt 


Introduction 

The history of neonate study icveals that the deinonstiation of 
sensitivity or lack of sensitivity has been the principal pioblcm of 
most investigations in the auditmy field. A great variability among 
infants and divcis cntciia of auditory sensitivity have contributed 
to this uncertainty At the present time, however, the evidence of 
auditory sensitivity duimg the fiist few days is quite conclusive, 
although newborn infants vary in the tlcgice to which they aic sen¬ 
sitive 2 

It has not yet been dctci mined cxpeiimcntally whethei mechanisms 
exist at this age period which would make possible differential re¬ 
sponses to the three chaiacteustics of the nmhtoiv stimulus fre¬ 
quency, intensity, and purity. Most investigatois agice, however, 
that the incidence of observable lesponses is gicatest to high-pitched 
sounds. The frccpiency, as well as the extent and amplitude of the 
responses, bears a dncct relation to the intensity of the stimulus, 
but this lclation has not been systematically investigated Objective 
measurement of the movements of newborn infants to auditoiy 
stimuli has been made (15), but the stimulating devices used did 

♦Accepted for publication by Carl Murchison of the Fditonal Hoaul 
and received in the Editorial Oflice, April 3, 1933 

The material of this paper was, in pnit, presented before Section I of the 
American Association for the Advancement of Science, Decemhci, 1932, in 
Atlantic City The investigation was undertaken and completed at Ohio 
State University in 1930-31 while the writer was a bellow of the National 
Research Council It is his desue at this lime to acknowledge indebtedness 
to the Council, to the late Di A P Weiss, who served .is his direcioi, to the 
Graduate School, to Dr Andrews Rogeis and the University Hospital, to 
the Depaitment of Psychology, to Mr I. L Hampton, the l.ibciiatmy tech¬ 
nician, to Mr Charles Hu, who acted as assistant, and to all other indi¬ 
viduals who aided In making the work possible, 

, Evidence dealing with auditoiy sensitivity and some of the factors mak¬ 
ing for relative insensitivity me presented in (he chaplet on "The Neomitt” 
in A Handbook of Child Psychology, 2nd ed , rev (M) 

96 
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not provide for the control and separate variation of the auditory 
charactenstics. When control of the stimulus has been effected (4) 
the frequency of icsponsc and its "pleasantness” 01 "unpleasant¬ 
ness” have received only qualitative observation 

The most conspicuous pattern of response to auditoiy stimulation 
has been variously designated as the “fear” ( Scfacck) reaction 
(16), the "primary emotion of fear” (17), the "shock” reaction (7), 
and as essentially the Moro Umklammeuuuj reflex (11). The pat¬ 
tern of response comprises an extension and abduction of the ex- 
tiemities followed by a return through adduction and flexion to the 
usual postures. As the extremities extend, the digits extend with. 
signe A’cventail (fanning), the movements of arms and fingers often 
being slow and characterized by athetosic peculiarities. Accompany¬ 
ing tins, there is a jeilc or stait of the entire body, which is m part 
due to tlie vigorous extension of the extiemities and in part to the 
inneivation of the musculature of the tiunk. Associated with this 
complex there are cochlear-palpebral leflexes, involving a blinking 
if the eyes aie open, or a further tightening of the lids if they aie 
closed. Implicit responses occur in respiration and circulation, but 
are of short duiation, similar in that respect to the explicit re¬ 
sponses 

If the stimuli aie intense they may be followed by awakening from 
sleep and by crying. 

The Moio component presents all degrees of activity, ranging 
from the involvement of all the extremities and trunk musculature 
to a Tesponse involving toe or finger movements accompanied by the 
cochlear-palpebral i eflex This variability is a cliaractei istic of 
different infants The ieduction in the extent and vigor of the 
response also depends upon the previous stimulating conditions, and 
especially upon the inteival between stimuli. 

The responses just desciibed depend upon a lelativcly quiescent 
organism. If the same auditoiy stimuli aie pLesented while other 
activity is in pi ogress, either theie aie no visible effects oi the effects 
aie inhibitory in chaiacter 

A systematic investigation of the effects of continuous auditory 
stimulation has yet to be undcitakcn Most investigators find 
evidence of inhibitory effects if the stimuli aie of long duration (as 
in musical sounds) If these stimuli arc of short duiation (as in 
noises) the effects aie excitatory When Haller (4), studying 
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older infants, employed contiollcd continuous stimulation of 10 
seconds’ duration the responses started at the onset of the stimulus 
and began to disappear before the stimulus tensed. 

Beyond noting the decline in cflectiveiicss of a repeated auditoiy 
stimulus, the litci atuie seems neithei to indicate the extent of 
that decline noi its 1 elation to the interval of separation between 
stimuli. Supcificial observation of Canestrmi's (2) uuves of icspiu- 
tion and of biam volume at the fontanelle, as well as Paper’s (9) 
study of the “fear” reaction tu tit a a, demonstrates that a decline 
does occur To Pciper and Cancstnni tins is evidence of inhibition 
rnthei than of fatigue or adaptation, 

Tin* pRoniiM 

The puiposcs of this rescaich were: (1) tn obtain objective, 
quantitative measures of the cflccts of icpealed auditoiy stimuli 
upon the activity of newborn infants; (2) to discovei wdu-thei the 
effects arc specific oi gencial, or both of these; (3) to dctcinunc 
the iclation of total activity to the nuinbci of stimuli |H*i unit time, 
(4) to asccitain the effects of fatigue, adaptation, oi inhibition upon 
activity; (5) to test the cflectiveiicss of clocttical counteis in ic- 
cording activity as compaiccl with gtapluc leumls showing not only 
frequency but also magnitude and tune iclations of the iespouses. 

Apparatus 

Rcstiiction and paitial contiol of the cnviionmcnt is piovulcd by 
the movable expci imentnl cabinet 8 which houses the thermostatically 
controlled heating unit, the stahihmctci (a padded plalfoim testing 
upon rollei-bearings and held in the position of cquilibmim by 
springs), and vanous stimulating devices. The chi hi rests upon the 
stabilimetei which moves when the infant moves eilliei as a whole 
or in some major segment. 

As the movements of the child in the two dimensions (head-foot 
and right-left) distuib the cquilibnum position of the stabilmictcr, 
these movements arc transmitted thiough a system of levels to the 
recording pens of a llcnshaw-Wciss polygiaj)l), winch, logethei witl) 

T° r complete description ami diagrams of thin nppiuntus and the sta- 
bilimcter-polygrapli unit a previously published work (15) ni,ty be con¬ 
sulted. 
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the vanous contiols, is mounted on the extencn of the expeiimental 
cabinet 

This polygraph tape graphically and permanently recorded all 
aspects (time nelations, frequency, and magnitude) of activity, and 
electrical contacts on the polygraph-pen bars provided that a cncuit 
through a given electncal countei be completed with an excursion of 
2,5-3 mm from the base or equilibrium line. This recorded part 
of the fiequency aspect of the stabilimeter oscillations 4 The bank 
of electrical counters was so housed and mounted as to eliminate 
auditory stimuli 

Auditoiy stimuli were produced by mounting a cylindrical tin 
can, appioximately 7 inches in length and 5 inches in diameter, in 
such a mannei that activation of an electromagnet caused a plunger 
to stiike against the bottom of the can Stimuli fiom such a source, 
while of moderate intensity, had pieviously been found effective in 
releasing responses. An auditoiy stimulus thus produced was for 
practical puiposes constant and was of shoit duration, since it was 
quickly damped. The device was placed about one foot from the 
infant’s head in the median axis of the body With the closing of 
one of the contiol switches, auditory stimuli would be piovided auto¬ 
matically at intervals of 10, 30, or 60 seconds as desired, the timing 
for this and for the signal pens of the polygraph being accomplished 
through an interval timer operated by the synchronous motoi The 
lattei opeiated on A C. cunent, and the signal-pen magnets, electrical 
countcis, and stimulating apparatus were operated on an ordinary 
Ford storage batteiy which was kept charging dunng experimenta¬ 
tion so as to pi event an appreciable decline in efficiency. Since the 
magnets of the various devices were not of umfoim resistance, it 
was found necessaiy to balance the system thiough lheostats. 

Technique 

The individualized treatment of each child with respect to hy¬ 
gienic precautions previously determined (15) m conjunction with 
the hospital authonties was again employed Formerly, sleeveless 

The use of one electrical counter to record oscillations foi both of the 
stabilimeter dimensions not only restneted the number of oscillations re¬ 
corded, according to size, hut made it possible to record only one component 
at a given time, thus, if, while movement in the head-foot dimension was 
taking place, a simultaneous movement in the right-left dimension occurred, 
it would not be recorded 
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gowns hfitl not been part of the child’s regulation diess. It was 
decided that since the investigation was concerned with \dative 
rather than absolute measuics of activity and since a sleeveless 
gown restricts only the extent of the excursion of the uppei ex¬ 
tremities, it would be piefeiable not to stimulate the infant to the 
extent of removing this aiticlc of clothing 

Infants were selected according to misery conditions and the 
state of activity of the baby. A child crying continuously m wet 
would not be selected dining that p.utieulai period of cxpci mien ta- 
tion Similarly, a child developing continuous civrng (lining the 
expeumental investigation would lie returned to the nursery 

The entire experimental pioccdmc foi cacli infant included the 
following three periods: 

1. Fust, an adaptation pci rod of two minutes when the child was 
placed on the stabilimetcr in the expeiimcnt.il cabinet, a period de¬ 
signed to exclude from considciation any excitatory cfleets due to 
tlie transfer from bassinet to cabinet. 

2. Then, according to the schedule ill ranged for the day, either 
a control period (CP) oi an cxpci i mental peuml (KP) proper, 
the control period being a 10-mimite period dining winch the 
activity was automatically iccoidcd on the polvguph tape, the ex¬ 
perimental period propci a 10-iminite pniod dunng which auditory 
stimuli were given cvciy 10, 10, oi 60 seconds according to the 
scheduled program, the activity being recorded as before, 

3. Lastly, if the second pcnod was a conliol peuod, the thud 
became an experimental pcnod, and vice veisa 

In addition to the polygraph lecord of all phases of activity, one 
electrical counter was utilized in i cun ding the ficqiiencv of oscil¬ 
lations dunng the adaptation period, another dining the cnntiol 
period, and one during the experimental period 

Rl’SULTS 

In other studies (12, 13, 15) the gencial activity of a period was 
expressed in terms of (t/T) 100, wliete / is the time the infant is 
moving and T is the total time of the pcnod This is a salisfacloiy 
index when used in the study of activity at dillncni ages and under 
different physiological conditions. It is not, hinvrvn, sufliuenlly 
piccise to equate the cflccts of specific stiimilation, ciliin in general 
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01 in particular aspects The numbei of stabihmeter oscillations 
(5) is much more suitable for the present study 

This index:, ie,, the numbei of oscillations, makes it possible to 
compare number of oscillations per unit time in a contiol period 
with the numbei per unit tune in an experimental period tlunng 
which auditoiy stimuli occur at specified intervals It also enables 
determination of the numbei of oscillations per stimulation, thus 
tin owing light upon the relation of activity to the length of interval 
sepal ating stimuli and upon the relation of activity to successive 
repetitions. 

Furtheimoie, study of the amplitude of the oscillations should fui- 
msh information regarding the effects of repeated stimulation, 

Tins leseaich was not uiuleitaken foi noimative pui poses, and the 
values for activity in control penods must not be considcied as neces¬ 
sarily typical of a smulai selection made upon a similai basis The 
activity values pei taming to such periods aie latlici to be considered 
in their relation to the experimental periods that just preceded or 
followed the corresponding activity penods. The possibilities of 
differing physiological states arc so numcious that comparison of 
activity expeninentally amused with so-called “spontaneous 1 ’ activity 
would otherwise be impossible It should be lealizcd that studies 
of infant behavioi have scarcely progressed beyond a statistical treat¬ 
ment of frequencyj which, although quite variable itself, is less so 
than a quantitative measure of the reaction itself The exceptions 
to statistical studies of frequency of response alone arc those dealing 
with reaction-times, as, foi example, Peipei’s (10) woik Before 
gieater reliability of quantitative measures of activity can be attained, 
it will be nccessar 5 r to devise moic analytical and pi ecise means of 
difteientuting physiological conditions so that a selection may pre¬ 
sent greater uniformity in these tespects 

An examination of the data presented in the subsequent tables 
will show all distributions to be skewed toward the 0-value of 
activity as dependent upon the limits of the rcgisteiing devices 
This, in the experimental penods, may be attributed to the relative 
auditory insensitivity of some infants and to a decline in the effective¬ 
ness of the stimulus But, since the same condition obtains in the 
control periods, we aie forced to conclude that the causes for this 
skewness are basically physiological In shoit, the tremendous range 
of activity in contiol periods is indicative of a variety of effective 
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physiological conditions among some infants. These differences may 
be due in pait to diffcicnccs m the time of cvpentneiit.mon with 
refeience to time of feeding The “asleep and diy” group shows 
markedly less activity m botli control and expeiimcnt.il penods, with 
the differences between the periods much mine ckai-cul. Computing 
the PE. of the dilfciences of the medians ratlin than of the means 
lowers the lehabdity of the diffeiencc hut does not significantly change 
the general pictuic, In othei words, expeument.illy .utilised activity 
lests upon the base of the existing state of iriliability 

TABI.F l 

Number and Distribution or Inianis Au.oruin<» jo thx, Rau', and Ace; 

Numiur AM) 'lim <n 1 Xl'HtlMlNH 


Counter records l'oljgioph records 


A 

B 

C 

D 


No. 

27 

28 

Age 


Range 2-11 diss, Av 6 cln>s 
Males 12, fern lies 16 

Sex 


Rnce 


Whites 5, Negroes 22, Chinese 1 

Complete 

68 

60 

Not complete 

29 

31 

CPEP 

3 f 

29 

EPCP 

3f 

31 

10 see 

22 

19 

30 sec 

2\ 

20 

60 sec 

V 

21 


Legend. 

A, number and distribution of infants 
Bj number of auditory experiments 

C, distribution of experiments according to sequential mdci of tontrol 

and experimental periods 

D, distribution of experiments according to interval of stimulation 
Complete, experiments in which both com mi! and experimental penods 

me completed 

Not complete, cxpeumcnls in which either contml or expetimeiital 
periods arc unfinished 

CPEP, control penod of 10 minutes (during wlmli no stimuli are 
given) precedes experimental petiod of 10 minutes (during which 
auditory stimuli are given) 

EPCP, experimental period pteccdes coiuiol period 


Table 1 shows that: 

1 The sexes have about equal icprescnlalion in the gioup of 
infants studied, but the make-lip of the gioup is alniosi exclusively 
Negio Quantitative mcasuiemcnt of geneial aaivity icve.dx no 


vtty per Unit Time in Completed Control and Experimental Periods 
According to Physiological or Nursery Conditions and to the 
Sequential Order or Control and Experimental Periods 
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significant lace difference (13), but uhcthci nuditniy sensitivity is 
the same will require a further analysis of (lie dal a ti rated by Gate- 
wood and Weiss (3). Qualitative protocols of expei imental penods 
seem to indicate sex and race iliftcicnees m the (iniuemy with which 
certain types of icsponsc ocaii, anil an inircaH* in then lumihei in 
expci imental periods during whuh slnmili of dtllcient modalities 
were applied. 

2 Theie is no icpicwttntion in the group of infants on the day 
of birth not upon the following day, and that the study docs not 
extend beyond the 11 th day. 

3. Of the experiments initiated, about one-thml aic not com¬ 
pleted because of too gieat actiwty and continued crying oi need 
for care in the nui&cry, etc 

Tabic 2 shows that: 

1 In all completed peunds tluue is gicatei activity during an 
expei imental period (EP) than dm mg a contiol (CP) The mean 
for EP is 7 90, foi CP, 5 24, the different e of the incans/P.K of 
the diffeicncc being 2.86. 

2 The effects of audiloiv stumilation aic moic appaicut under 
the conditions “dry and asleep" 'Phi* mean foi EP is 4,21, of 
CP, 2.57, the diffcicncc of the means/P E. of the differente being 
3 13. 

3 The effects of audiloiy stimulation aic supeiimposed upon 
the existing highci activity of the conditions "wet oi awake " The 
mean of EP is 10,26, of CP, 7.66; with the dillnence of the 
means/P.E. of the diffcience equal ling 2 30. 

4. WJien the EP follows the CP the diffei ernes in activity ate 
accentuated The mean of EP is 8 74, of CP, 4 18, with the 
difference of the means/PE of the difference tt|ual to 180 

5 When the EP piece tics the CP the different e m activity is 
lessened The mean of EP is 7 12, of CP, 6.24, and the diffcicncc 
of the mcans/P E. of the diffcicncc is 0 60 

Table 3 shows that: 

1 Experimental periods following contiol penods picscnt moic 
activity than when they pictedc contiol penods 'I he difleience 
is not statistically reliable, foi the tlilleiente of the means/P Is of 
the diffcicncc is but 1.08, the mean being foi EP of CPKP, 8 71, 
of EPCP, 7 12. 

2. Contiol pciiods following cxpciimenlal penods tonlain gicater 
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activity than when they ptccede experimental periods. The mean 
of CP in CPEP IS 4.18; of CP in EPCP, 6 24, with the diffeience 
of the means/P E, of the difference equalling 1.94. 

TABLE 3 


Comparison or Activity per Unit Time under Physiological or Nursery 
Conditions and According to Experimental Procedure 



Mean 

Diff of M's 

P * E diff, 

Diff 

p ®diff. 

EP (CPEP) 

EP (EPCP) 

8 74 
7.12 

1 62 

1 49 

108 

CP (CPEP) 

CP (EPCP) 

418 

6 24 

2 06 

1 06 

1 94 

CP (CPEP) 

All EP 

4 18 

7 90 

3 72 

96 

3 87 

CP (CPEP) 

EP (EPCP) 

418 

7 12 

2 94 

1 21 

2 42 

EP ('ll iet or awake) 

EP (dry and asleep) 

11 26 
4,23 

7 03 

1 33 

5 28 

CP (wet or awake) 

CP (dry and asleep) 

7 66 

2 S7 

5,09 

98 

519 


3 Activity is greater in an experimental period picceding a 
control peiiod than in a contiol peiiod preceding an experimental 
period. The mean of EP in EPCP is 7 12, of CP in CPEP, 4 18, 
the difference of the means/P E. of the diffeience is 2 42. 

4 Activity in control periods of CPEP order is significantly less 
than that of all expenmcntal pcuods, since the diffeience of the 
means/P E of the difference is 3 87 

5 In both control and expenmentai penods activity under the 
conditions wet or awake is almost tinec times as great as under the 
conditions dry and asleep The mean of EP (wet or awake) is 
11.26, of EP (dty and asleep), 4.23, the diffeience of means/P.E. 
of the diffeience is 5 28, of CP (wet or azuake), 7 66, of CP (dry 
and asleep ), 2 57, and the difference of means/P E of the difference 
is 5 19 

Table 4 shows that 

1 Activity as lecoided by electiical counters shows essentially 
the same lclationslnps between conti ol and experimental penods 
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as do the values obtained from the polygraph lecords. In the com¬ 
pleted periods the mean of CP is 1,02, of EP, 1,59; the diffeicncc of 
the means/P,E, of the difference being 2.57, in periods with oider 
CPEP the mean of CP is 0 49; of EP, 1.60, and the difference 
of the means/P E of the diffeicncc is 4,44 
2, The ratio of mean of EP to mean of CP of counter values 
as compared with polygiaph values is as follows 



Countci 

Polygraph 

A 

1 55 

1 50 

D 

3,26 

2 09 

E 

1 02 

1 1+ 


Table 5 shows that. 

1 When specific reactions to auditory stimuli arc subtracted from 
the activity of the cxpenmental penods the differences between 
these and the control periods become insignificant. In all completed 
penods the mean of CP is 5 24, of EP-Sp R’s, 5 34, the diffcicnee 
of the means/PE of the diffeicnce is 0.11; undci the conditions 
dty and asleep the mean of CP is 2.57; of EP-Sp R’s, 2 40, with 
the difference of the mcans/P E, of the diffeience equalling 042, 
under the conditions wet oi awake the mean of CP is 7 66, of EP- 
Sp.R’s, 8,04, and the diffeicncc of the means/P,E, of the diffciencc 
is 0,24 

2. Apait from external stimulation, thcie is a tendency foi 
activity to be gieatci in the second half than fn the /list half of a 
20-mtnute period Thus with the order CPEP the mean of CP is 
4 18, of EP-Sp.R’s, 5.70, and the difference of the means/PE. 
of the difference is 1,39; with the order EPCP the mean of CP is 
6 24; of EP-Sp.R’s, 5.00; with the difference of the means/P.E. 
of the difference equalling 0 92 

Table 6 shows that. 

1. The total activity of experimental penods is mci eased when 
the number of stimuli is increased fiom one evciy 60 seconds to one 
every 10 seconds (the mean of the 60-second mteival is 5,96, of 
the 30-second mteival, 8 80, and of the 10-second mteival, 9.10), 
although statistical reliability is approached only in the diffeicncc 
between the 60- and 10-second intervals, 

2 From 60- to 10-second intervals the stimuli met ease 6 times 
while activity mcieases only 1.52 times (i.c., 9.10/5.96). 
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TABLE 6 

Comparison of Activity per Unit Time in Completed Experimental 
Periods According to Interval of Auditory Stimulation 







Diff 


Intcival 

Mean 

Diff of M’s 


P ®<ntt 

EP 

10 sec 

30 sec 

9 10 

8 80 

30 

2 1? 

.13 

EP 

30 sec 

60 sec, 

8 80 

5 96 

2 8+ 

I 70 

1 67 

EP 

10 sec 

60 sec 

9 10 

5 96 

314 

1 56 

2 01 


3. Fiom 30- to 10-second intervals the stimuli increase 3 tunes 
while activity increases only 103 times (ie, 9.10/8 SO). 

4. From 60- to 30-second intervals the stimuli increase 2 times 
while the activity increases only 1 47 times (i e , 8 80/5.96). 

TABLE 7 


Spnciric Auditory Responses of EP's 


Successive 
minutes 
of EP 

O 

per 

S 

Every 

10 sec 

min 

pei 

O 

O 

per 

S 

Evciy 

30 sec 

mm 

per 

O 

Every 
60 see 
O 

per 

S 

inm 

per 

O 

1st 

2 08 

2 OK 

3 25 

176 

2 38 

1 89 

2nd 

106 

2 19 

1 17 

1 46 

47 

2 82 

3id 

6+ 

1 39 

122 

1 51 

2 04 

1 37 

4th 

48 

1 30 

42 

2 17 

85 

1 28 

5th 

51 

I 47 

15 

161 

1 00 

1 57 

6th 

n 

1 35 

75 

213 

too 

123 

7 th 

31 

1 61 

75 

1 56 

2 04 

1 93 

8 th 

70 

1 72 

02 

1 00 

1 52 

1 84 

9 th 

67 

1 64 

40 

1 62 

1 71 

1 61 

10th 

61 

1 28 

95 

I 3+ 

1 28 

1 33 

Total period 

79 

1 73 

94 

1 66 

1 43 

1 66 


Legend O, oscillntions, S, stimulus, mm, millimeters 


Table 7 shows that* 

1 Both chaiactenstics of activity, number of oscillations pei 
stimulus and the average magnitude of each oscillation, tend to dc- 
ciease thiough the successive minutes of the experimental peuod, the 
greatest decrease being registered in the numbci-of-oscillations-pcr- 
stimulus charactei istic of activity 
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2 The effect of changing the intcival between stimuli is to alter 
the number of oscillations pet stimulus chaiactciistic lathet than to 
affect the average magnitude of the oscillation Thus the average 
number of oscillations pei stimulus when the stimuli occui every 10 
seconds is 0 79, when they occur every 30 seconds it is 0.94, and with 
one every 60 seconds it is 1 43. The iespectivc avciage magnitudes 
are 1 73, 1.66, 1 66. 

3. When auditoiy stimuli arc spaced 60 seconds apait each 
stimulus is individually more effective in lelcasing i espouses than 
when the intervals aic shoiter. 

TABLE 8 


Milium ters tcr Osculation 



All complete 


Asleep 
and diy 

Awake 
oi wet 

CP 

1 5+ 


1 +5 

I 57 

EP 

1 SS 


1,53 

1 55 

EP-Sp R’s 


147 



SpR’s 


1 71 




Table 8 shows that: 

1. In dealing with all completed auditory pci tods theie appears 
to be no difference in the average magnitude of oscillations of contiol 
periods (1.54) as compared with cxpeumental pci tods (1,55). 

2. Undei the conditions asleep and dty a diffetence, whether 
significant or not, appears. The avciage magnitude foi CP is 1.45, 
for EP it is 1 53. 

3. The average magnitude of the oscillations in experimental 
periods with the specific reactions to auditory stimuli subtracted is 
only 1 47, thus resembling the CP value of the asleep and dry state. 

4. The average magnitude of the spectfic leactions is 1 71, indi¬ 
cating that the pattern of auditory i espouse occasions greater ex¬ 
cursions of the stabihmctcr than occur m “spontaneous" movements 
of the same period of experimentation. 

Discussion 

Auditoiy stimuli of the type employed in this lcseaich are, accoid- 
mg to Watson (17), adequate for tile arousal of the prunaiy emo¬ 
tion of “fear” Emotion he defines as “an hctcditaiy pattern ie« 
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action involving profound changes of the bodily mechanism as a 
whole, but particularly of the visceral and glandular systems/’ The 
significance of this definition, as well as that of other characteriza¬ 
tions of emotion, is that responses of some duration are implied 
Woodworth’s (18) "stirred-up state of the oigamsm” is a case m 
point Yet a review of the literature upon the neonate discloses, 
in most eases, no such sustained activity in lesponse to auditory 
stimulation. Hallei (4), using stimuli of 10 seconds’ duration, al¬ 
though classifying responses upon the basis of "feeling-tone” charac¬ 
teristics, nevertheless reports that the responses occur at the onset 
of stimulation and begin to decline befoie the stimulus has ceased, 
Feiper (10) finds the pattern of responses described in the piesent 
paper to be clickable without awakening the child or causing it to 
ciy. The reaction-times are shoit. Similarly, Cauestrmi (2) shows 
that certain of the effects produced through the autonomic system, 
e g , changes in respiration and circulation, are likewise quickly pro¬ 
duced and of shoit duration. 

In shoit, the extiemcly variable pattern of lespomes to auditoiy 
stimuli is characterized by a quickness of occunencc and a duration 
too brief to wanant its classification as an "emotion ” 

The relatively insignificant role of auditory stimuli m the releas¬ 
ing of activity, compared to that produced by the physiological con¬ 
ditions that characterize the wet or awake states, is clearly in evidence 
even in Table 3 Sustained activity m which most of the organism 
participates is conelatcd laigely with activity along the alimentary 
canal or with ceitam environmental tempciatuies that may affect 
the body either generally or locally. 0 

According to Iiwin’s (5) thesis, these responses to auditoiy 
stimuli should represent individuation from "mass” behavior But 
since Iiwm's data, as well as those of othei investigators, indicate 
quite dearly that this "mass” or "spontaneous” behavior arises m 
connection with activity along the alimentary tract, the hypothesis 
of "mass” behavior as the "matrix 11 appears questionable Studies 
of fetal behavior by Minkowski (8) and others show no evidence of 
the "mass” behavior described and studied by Iiwin Accoubng to 
the Latter (6), one of the mam criteria of specific movements as 
opposed to "mass” hehavioi is their slownessj on the average This 

“The nature of the variously termed “random,” “spontaneous,” 
behavior is considered at greater length in “The Neonate” (14) 



112 


KARL C. PRATT 


is exactly the principal charactenstic of fetal movements either in the 
eaily stages, as studied by Minkowski, 01 later in prcmatuic infants, 
as shown by the investigation's of Beisot (1) and others It is 
known indirectly that a ceitam amount of pcnstalsis occurs during 
the fetal stage, but tins does not appeal to be lelatcd significantly 
to fetal activity, Furtheimoie, before there is any evidence of the 
so-called “mass" behavior, the majoi component of the auditoiy 
response, as Peiper (9) shows, may be elicited in uteio. 

The question arises as to whether the icsponscs to auditoiy stimuli 
may adequately be described as generalized or specific The writer 
has previously noted 0 the indefinite charactci of these tcims. It 
has been geneial usage to treat as specific those responses which arc 
localized and as geneiahzed those which are unlocalizcd. But this 
simply means that a given response will be considcied as gcncialized 
or specific according to the point of reference Again, specificity of 
response has been made to refer to high ficqucncy of occuircncc in 
response to a paiticular stimulus, rcgaidlcss of the extent of the 
response, and still fuither to icfei to a unique connection between 
a particular stimulus and a particular response 

From the standpoint of localization the auditory icsponscs present, 
according to the experimenter’s piotocols, all degices of localization, 
vaiying from infant to infant and fiom stimulus to stimulus, between 
extreme limitation among explicit responses such as palpebral lcllcxcs 
and toe and finger reflexes, to activity in piactically all segments of 
the body 

Fiona the point of view of frequency of occuricnce the icsponscs 
range from those which aie most invariable, like the cochlcar- 
palpebi al reflex, to those winch appear laicly, such as the extension 
of the big toe alone. 

And, as Watson (17) and Paper (11) have dcmonstiatcd, there 
is no unique relation between the auditoiy stimulus and the obtained 
responses, 

Lastly, we have to account for the reduction and even the disap¬ 
pearance of most of the lesponses when the auditory stimuli are re¬ 
peated at short intervals. This diminution of the response has been 
attributed to adaptation, but this interpretation does not seem tena- 

°Gener<ili7,ttian and specificity of bchnvioi m the new-boin infant 
Psychol Bull , 1931, 693-694 A papei picscntcd before the Amciican 
Psychological Association at Toronto, Sopteinbci, 1931 
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ble, since we are not dealing with continuous stimulation Each of 
Haller’s (4) stimuli lasted 10 seconds but usually the response began 
and ended before the stimulus ceased. With abrupt stimulation such 
as was employed in this research, the possibility of adaptation as 
ordinarily undeistood seems quite remote, It might be argued that 
repeated stimuli have a cumulative effect appioaching the adaptation 
to a continuous type of stimulation. This seems doubtful in view 
of the fact that the response does not remain completely in abeyance 
aftci the first few stimuli but may lecur at intervals dunng the re¬ 
mainder of the experimental period. 

This latter phenomenon which will be tier.ted in a subsequent 
paper seems also to make the hypothesis of fatigue untenable 

There remain theories assuming some type of inhibition, as ad¬ 
vanced by Canestimi (2) and Peiper (9). The former noticed this 
reduction m activity bi ought by lepeated stimuli in his ciiculatory 
and respnatory indices. The latter, studying the so-called "fear” 
component in uieio , reports the same reduction of lesponse The 
inhibitory effects of auditory stimuli (particularly those of some 
duiation) upon existing activity have alieady been mentioned 

Conclusions 

The following conclusions seem justifiable; 

1. The gross total activity is increased duimg the periods in 
which a baby is subjected to auditory stimuli 

2, The excitatory effects are much more pronounced when othci 
stimulating conditions (particularly those associated With the func¬ 
tions of the digestive tract) are not piesent 

3 Electncal-counter readings give essentially the same values 
as the polygiaph lecoids 

4, Increased activity of the penods of auditory stimulation is the 
result of the immediate responses to the individual stimuli lather than 
being the product of a heightened gcneial lrntability and restless¬ 
ness It therefore seems unwise to designate the ovett patterns of 
response as an “emotion" of “fcai," since “emotion" usually con¬ 
notes “a stined-up state of the oigamsm" and is not of such slioit 
duiation The studies by C’anestrim and Peipci show that the 
circulatoiy and respiiatoiy responses to anditoiy stimuli aic likewise 
of short duration This would seem to indicate no “stined-up" 
state of the viscera 
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5. Gross activity of a period is increased when the number of 
stimuli are increased, but not proportionally because with decicase 
jn the interval between stimuli they become on the aveuige indi¬ 
vidually less effective 

6 Somehow the newborn child is enabled to adjust to situations 
of this land by a piocess which involves a ieduction in the magnitude 
and extent of its responses to reclining stimuli 
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LES EFFETS D’UNE STIMULATION AUDITIVE REPETEE SUR 
L’ACTIVITE GENfiRALE DES NOUVEAU-NES 

(Resume) 

L’nuteur a 6tudi6 les effets des stimuli auditifs r<5pet£s sur^ 1’activite 
generate des nnuvcau-nes On a mesurd les reactions dc yingt-huit enrants 
untre les ages de 2 k 11 jours iui moyen d’un nppareil special de stabiUmitre- 
polygraphe lequel a enregistnS graphiquemcnt les mouvements du corps 

On a compart I'activitd des p6nodes de contiole et cello des periodes 
exp6rimentnles pendant lesquelles des stimuli auditifs d'une intensit6 con- 
stante out ete pr6sent6s d’une manure automatique toutes les 10, 30 ou 60 
secondes 

Les resultats de ltetude montietu que l’activite brute totale s’accrolt 
pendant les penodes ou I'on fait subir des stimuli auditifs A un. b£b6, 
L’actrvitd nugmentce est le r6sultat des r£ponses immedintes aux stimuli 
individuels plutot que celui d'une plus giande irritability ou inquietude 
La forme des r6ponscs 6videntes ne conforme pas aux specifications or- 
dinaires du terme hnotion 

Quand on augmcnte le nombre de stimuli auditifs pour chaque dur6s, 
I’activite brute d’une periode a’accioit mais non proportionnellement parce 
que les stimuli devieciaent eti moyenne individueUemcnt moms eflicaces avec 
un accroissement de rintervnlle entre eux Ainai le nouveau-ne peut 
s’adapter & cette sorte de situation du milieu par un processus ofi il s’agit 
d’une reduction de la grandeur et de ltetendue de aes rfcponses aux stimuli 
r6p£tes 

Pratt 


DIE WIRKUNG WIEDERHOLTER GEHORSREIZE AUF DIE ALLGE- 
MEINE TATIGKEIT NEUGEBORENER KINDER 

(Referat) 

Der Autor untei suchte die Wirkung mederholter Gehorsrei 7 e auf die 
allgemeine Tatigkeit neugeborener Kinder Die Reaktioncn von 28 ICindern 
im Alter von 2*11 Tagen wurtlen vcrmittelst bcsonderei Stabilimeterpoly- 
giapheneinheit gemessen, die die Koiperbcwegnngcn giaphisch aufzeichnete 

Die Tatigkeit wain end der Kontrollpei ioden wurde mit der Tatigkeit 
wa’nrend der Experimcntalperioden verghchen, wahrend wclcher Gehomcize 
konstanler Staike automatische jade 10, 30, oder 60 Sckunde gegeben 
wuidcn 

Die Ergebmsse der Untersuchung zeigen, dnss die Gesamttntigkeit 



116 


KARL C. PRATT 


wahrend der Penoden, wahiend wefcher cin Baby Gehonrcizen ausgesctzt 
ist, vermehrfc wild Die vermehrk Tatigkcit ist chcr die Wnkung der 
unmittelbaren Renktionen auf einzclne Reizc als eme cihohtc nllgcmeme 
Erregbarkeit oder Ruhclosigkeit Dei Tjpus der offenkundigen Reaktionen 
stimmt nicht uberein mit dor ilblichcn Bcschreibung des Begiiffes Gefnhl 
Wcnn die Zahl der Gehorsrcizc pio Zcitcinlicit erhobt wird, so mmmt 
auch die Gcsamttatigkeit elner Penodc zu, nber mebt proportional, well 
sie mit der Abnahme dea Intervals nvisihcn den Rci/cn cin 7 cln Durch- 
schrtittlich tvemger \v1rk9nm werden Dfldurch kanu aich daq ncugeboicne 
Kind den umgebenden Sitimtionen dicscr Art nnpassen, tiurch emcn Vorgang, 
der eine Vcnninderung der Grossc nnd der Ausclchnung der Reaktionen auf 
wiederkehrende Reize in sich sclilicsst 

Pratt 



THE EFFECTS OF REPEATED VISUAL STIMULATION 
UPON THE ACTIVITY OF NEWBORN INFANTS'* 11 

Ftoin the Derailment of Psychology of Ohio Stale Vmvasity 


Karl C Pratt 


Introduction 

The variety and invauable occurrence of certain lesponses to 
visual stimuli aie indubitable evidence of the sensitivity of the 
visual equipment of the neonate Whether mechanisms aie available 
jfoi diffeiential responses to the stimulus variables (-wave-length, 
wave-amplitude, and wave-composition) has not been established 
cxpenmentally, although certain of the reflexes elicited manifest a 
relation between the magnitude, or even the occurrence, of the re¬ 
sponse and the intensity of the stimulus This has been established 
by Pratt, Nelson, and Sun (9) foi the oculopalpebral reflexes, and 
by Peipei (6) foi the eye-neck {Augeni eflev auf den Hah) reflex. 
Utilizing the latter lesponse, Peiper (7) has been able to show that 
even in prematuie infants the Puikinje shift appeals upon dark- 
adaptation, It is claimed that totally color-blind individuals do not 
have the Puikinje phenomenon and that its picsence in noinial new¬ 
born infants indicates, to that extent, the functioning of the cones 
at this stage of development 

The most invariable responses elicited by visual stimulation arc 
the palpebial leflexes, since these occui whether the eyes are closed 
or not Pupillaiy reflexes aie of a smulai high older of frequency. 

If the visual stimulus is of piopei size and intensity and if it 
is moved at a slow late of speed, a newborn infant, if awake, will 
frequently pursue the moving spot of light by head- and eve-foil ow¬ 
ing movements. McGinnis (3) would deny the possibility of genu¬ 
ine visual puismt dunng the early part of the neonatal peiiod. The 

* Accepted for publication by Cail Mvuchison of the Editorial Boaid and 
received in the Editonal Office, Apnl 27, 1933 

This investigation was completed while the writei was National Re- 
seaich Council Fellow at Ohio State Uuiveisity dm mg 1930-31 Acknowl¬ 
edgment of obligations is hereby accoided to the Council, the late Dr A, 
P Weiss, who acted as director, the various coopeiating departments at 
Ohio State University, and Mr Charles Hu for his seivicos as assistant 
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writer believes, however, that McGinnis studied too small a num¬ 
ber of cases (4) to wanant such a genet alization, 

In addition to these reactions, strabismic and nystagmic move¬ 
ments occur. Optic nystagmus lias been studied with an excellent 
technique by McGinnis. 

Both Cancstiini (2) and Pcipci (4) have demonstrated the 
effects of visual stimulation upon circulation and rcspiiatton. The 
former likens the cuculatoiy and rcspiiatoiy lcsponses produced in 
the newborn child by intense visual stimuli to similar responses 
which may be obseived when adults aic flightened The latter 
(5) notes that intense visual stimuli evoke the H feai" ( Sthieck) 
reaction—a pattern of responses similar, except for refractory phase, 
to the Moro reflex 

Pratt, Nelson, and Sun's (9) quantitative measurements of bodily 
activity to visual stimulation show that the reactions aie moie pro¬ 
nounced at birth, and that they decline theicaftcr dunng the first 
two weeks of life. Tins would seem to indicate that the "feai” 2 
or “Moro" component diops out lapidly with age. 

The effects of continuous visual stimulation of diffetent intensi¬ 
ties are unknown foi this period of life And beyond the relatively 
quick extinguishing of the "Sclucck" reaction, noted by Pctpei in 
cases when stimuli ate repeated, no quantitative mcostucinents of 
the effects of repeated stimulation appear to have been repoited in 
the literature. 

The Problem 

The aims of this investigation were. 

1 To obtain a quantitative measurement of the effects of re¬ 
peated visual stimuli upon the activity of newborn infants. 

2 To deteiminc whether the effects, if any, me due to im¬ 
mediate reflex lesponses or to a gencial heightening of activity 
during the period of stimulation. 

3 To discover the i elation between activity and the number 
of stimuli per unit time 

4. To study the changes in activity with successive repetitious 
of the stimulus. 


a As indicated m a paper on the effects of icpcntcd auditory stimulation 
upon activity, this teini is valueless if it is to cany the connotation of 
"emotion 11 or "emotional state,” The activities aie of quick icflex dura¬ 
tion, and to avoid ambiguity it seems best to extend the term "Moio” to 
the complex, regardless of the modality of the arousing stimulus 



REPEATED VISUAL STIMULATION OF NEWBORN 


119 


Apparatus 

The contiol and recording apparatus consisted of a movable 
expenmental chamber with built-in stabilimeter and polygiaph uwt. d 

As in the study upon the effects of repeated auditoiy stimulation, 
an interval-timer unit opeiated by the polygraph motoi made it 
possible to present visual stimuli automatically fiom a 75-watt "day¬ 
light bulb” (the lcceptacle being mounted on the ceiling of the 
expenmental cabinet diicctly over the infant) with a duration of 
1 second and at intervals of 10, 30, or 60 seconds according to the 
expenmental schedule. The infants were under a constant illumi¬ 
nation of low luminosity value appioachmg deep twilight conditions 

( 9 ). 

Technique 

The procedure employed in this leseaich was essentially the same 
as m the study of the effects of auditory stimulation Infants were 
selected on the basis of nuisery conditions Previous study (9) 
had shown the occurrence of palpebral reflexes and the Moro com¬ 
plex even when the infant’s eyes weie closed, so it was not con¬ 
sidered necessary to limit the study to those infants that were awake 

The period of expeiindentation was divided into three paits’ 
(1) an initial adaptation period of 2 minutes, during which an op- 
poitumty was provided foi the stimulating effects of manipulation 
of the infant to subside, (2) a control penod (CP), in which 
activity was recorded during a 10-nnnute penod wuth no specific 
stimulations, (3) an experimental penod piopcr (EP), during 
which the activity of a 10-minute penod of stimulation at deter¬ 
mined intervals was tecoidcd Tile Older of (2) and (3) was 
varied so as to avoid etrms due to the progicssively changing state 
of the oiganism from one feeding peiiod to the next 

Results 

This investigation was conducted concurrently with that upon 
the effects of auditoiy stimulation and hence deals with essentially 
the same gioup of infants As Table 1 shows, the numbei of ex¬ 
periments completed undei the condition "awake” is very limited 
This indicates merely that geneial activity is usually very great 

■‘For complete details of this appai atus and method of operation other 
publications (&, 9) may be consulted 
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when the infant is awake McGinnis (3), as well as many other 
investigators, has noted this It has been demonstrated (9), how¬ 
ever, that visual stimuli have certain effects, even when the eyes 
arc closed. Palpebral reflexes almost invariably appear and in 
many instances the Moio complex or some clement thcieof. The 
latter is most pionounccd dining the fiist 36 to 48 hours and de¬ 
clines thereafter It is therefore obvious that a function changing 
with age would necessitate segregation according to age pcirods 
Our selection avoids this by eliminating the shoit period of maxi¬ 
mum sensitivity as measured by the Moio complex, just as our age 
selection in the auditoiy experiment luled out the period of relative 
auditory insensitivity. When the research program was initiated it 
was thought that the major effects of repeated auditory and visual 
stimulation might consist of heightened general activity as well as 
immediate specific icsponses occurring throughout the period duiing 
which the stimuli were applied. The age selection therefore oper- 


TABLE 1 

Number and Distribution or Infants According to Sex, Race, and Age, 
Number and Types oi Experiments 



No 

28 

A 

Age 

Range 2-U days, Av 6 days 


Sex 

Males 12, females 16, 

Whites 5, Ncgiocs 22, Chinese 1 


Race 

B 

Complete 

68 

Not complete 

25 (asleep 1, awake 24) 


Dry and asleep 

38 

C 

Wcl or awake 

30 


Asleep 

58 


Awake 

10 


10 seconds 

21 

D 

SO seconds 

13 


60 seconds 

26 


Legend 

A, number and distribution of infants 

B, number of visual experiments 

C, distribution of experiments accoiding to nursery or physiological 
conditions 

Dj distribution of experiments according to mtcivnl of stimulation 

Complete, experiments in which both conttol and experimental penods 
were completed 

Nat completed, experiments in which cither control ot experimental 
periods were unfinished 
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ated to provide a group in which there weie no significant changes 
in activity correlated with age diffeiences. 

As m the auditory studies, no attempt was made to secure norms 
of activity, since the problem dealt with the relative activity during 
periods of stimulation as compared with periods of non-stimulation 
under as similar physiological conditions as it was possible to obtain. 


TABLE 2 

Activity per Unit Time in Completed Control and Experimental 
Periods, According to Physiological or Nursery Conditions 




No 

Range 

S D 

Mean 

PE 

Diff 

PE U ft 

Diff 



P ^ditt 






of M’s 


CP 

68 

0-27 +d 

6 50 

6.12 

0 53 




A 

EP 

68 

0-33 20 

7 34 

6 30 

0 60 

0 18 

0 80 

0 22 


CP 

38 

0-21 SO 

4 48 

3 86 

0 49 




B 

EP 

18 

0-18 10 

+ 28 

3 5+ 

0,46 

0 32 

0 67 

0.47 


CP 

30 

0-27 40 

7+6 

9 00 

0 91 




C 

EP 

30 

0-33 20 

8 74 

9 80 

1.07 

OSO 

140 

0.57 


CPd 

42 

0-21.50 

S06 

+ 16 

0 52 




D 

cp 10 

26 

0-27 40 

7 28 

9 30 

0 96 

5 14 

109 

4,71 


CP 

10 

0-27 40 

10 30 

U+0 

2.19 




E 

EP 

10 

0-28 20 

9 12 

10 00 

1 94 

2 40 

2 92 

0 82 


Legend • 

No, number of experiments 

Range, stabihmeter oscillations per minute 

CP (control period), 10'minute penod during whicli no stimuli were 
given 

EP (experimental period propel), 10-minutc period during which 
visual stimuli wcie given 

A, activity per unit time in all complete control and experimental 
periods 

2, activity pei unit time under the conditions dry and asleep 

C, activity per unit time under the conditions wet oi awake 

D, activity per unit time in control penods accotdmg to nursery 
conditions dry ot wet (d oi w) 

E, activity per unit time under the condition awake (this Is intro¬ 

duced to complete the record and not because it can have any 
sigmticance in view of the number of cases) 
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Hence the values seemed in experimental pc nods have significance 
only when viewed in relation to the values for their coi responding 
control peiiods. 

The measure of activity selected has been the number of stab di¬ 
meter oscillations per unit tune, since this mcasuic is easily obtained 
and has been found satisfactory for piohlcms of this kind. 

Table 1 shows that. 

1 The selection of infants is predominantly Negio 

2. In practically all of the expci unents which were not com¬ 
pleted the infants were awake, 

3 In the experiments which were completed the infants were 
awake in but 10 cases out of 68 

Table 2 shows that: 

1, In all periods which were completed theic was no significant 
difference m activity between contiol and experimental periods. 
The mean of EP is 6 30; of CP, 6 12, with the diffcicncc of the 
mcans/P E of the diffeience being 0 22 

2 Similarly, theic was no significant difference between con¬ 
trol and experimental peiiods accoiding to the physiological and 
nursery conditions studied 

3 Activity is doubled under the condition ivet, as compared 
with dry The mean of CP (wet) is 9 30, of CP (dry), 4,16, 
with the difference of the mc.ms/P.E. of the difference eqvial to 4,71 


TABLE 3 

Comparison of Activity per Unit Time in Compii'tgd Exi’Erimfntai, 
Periods According to Intprvai of Visual Stimulation 


Interval 

Mean 

10 sec 

7 10 

30 sec. 

4 3+ 

30 sec, 

4.34 

60 sec 

6,94 

10 sec 

710 

60 ScC 

6 94 


Diff 

Diff, of M’s Plirfi// -- 

W diff 

2 76 US 2 33 

2,60 1 30 2 00 

0 16 1 53 0 10 
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Table 3 shows that: 

1. There is no significant difference in activity when stimuli 
are presented every ten seconds as compared with the activity when 
stimuli are piesentcd eveiy 60 seconds. The mean of the 10-second 
interval is 7 10, of the 60-second interval, 6.94, with the difference 
of the means/P E. of the difference equal to 0 10. 

2. The lower mean (4 34) of the 30-second fnteival has no 
significant lelation to the numbei or spacing of stimuli, but anses 
from the fact that two-thuds of these cases were diy whereas in 
tile other inteivals only about one-half were in this condition This 
interpretation is supported by D (the mean of the diy group) in 
Table 2. 

Discussion 

For vision, as lor auditoiy sensitivity, additional studies aie needed 
of the effect of different intensities of tire stimuli The results m 
Tables 2 and 3 show that in this experiment no significant changes 
in measurable activity, eithei of a geneial oi specific character, were 
produced by visual stimuli. This was true in spite of the fact that 
the palpebral leflcxes, which aie almost invariably present, give 
evidence of visual sensitivity, and that visual stimuli of far less 
intensity may release almost the same pattern of responses as do 
auditory stimuli during the first two days after both The initial 
presence of this pattern of lesponse would seem to indicate that the 
startled jcilc brought, in the older individual, by an intense visual 
stimulus of sudden occuirence does not necessarily mean that it 
has been conditioned by some such piocess as lightning (conditioned) 
followed by thundei (unconditioned) eliciting the leaction in ques¬ 
tion. As Bcrsot (1) has noted, many a response which disappears 
m the normal couise of development may be caused to reappear by 
mcieasing the intensity of the stimulus 

The posture of the child oil the stabilimetei and the limitation 
to bi-dimensional recording made it impossible to measuie Peiper’s 
“neck reflex." With lus appaiatus and with this reflex as index, 
the effects of repeated visual stimuli might be studied quantitatively 
Under the usual conditions of neonatal existence, visual stimuli 
seem to elicit more limited oi localized responses than do the audi¬ 
tory , or perhaps we should say the responses to visual stimuli rarely 
involve the trunk musculature or that of the extiermtics, whereas 
with auditoiy stimulation these aie conspicuously involved. 
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Conclusions 

1, Repeated visual stimuli of the intensity and duiation em¬ 
ployed in this reseaicli do not appicciably incieasc the activity of 
the penod duiing which they occm. This means that ncithci the 
general activity of the period is heightened nor aic there many 
specific lesponscs of the gioss musculature of the body 

2 There is no evidence of a genuinely significant diffeicnce in 
activity accoiding to the number of stimuli presented pei unit time. 
The lower activity in the experimental pciiod m which there was 
an interval of 30 seconds between stimuli was due to a i datively 
higher percentage of cases that weic asleep and thy 

3 There is some slight evidence, piovided by the polygiaph 
records and the experimenters piotocols, of a specific icsponse of 
the Moro type to the first one or two stimuli, but the number of 
oscillations in this connection was too small to affect the results 
appreciably. 

4 The fact that a much weaker visual stimulus docs aiousc the 
"fear” or “Moro” pattern of iespouses during the fist two days 
would seem to indicate that the latei “startled reaction” of the 
older individual to an intense flash of light may not be a learned 
response, conditioned thiough auditory stimulation. On the con¬ 
trary, this may be merely another instance of a reaction which is 
no longer dicitcd by modeiate intensities of stimuli but which re¬ 
appears when the intensity is greatly increased. 
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LES EFFETS D’UNE STIMULATION VISUELLE REPINE SUR L'AC¬ 
TIVITY DES NOUVEAU-NYS 

(Rfsume) 

L'auteur a dtudid les effets des stimuli vUuclg reputes sur l’activitd 
gdndrale des nouveou-nis. On a mesurd les reactions de vingt-huit enfants 
entre Jes ages de 2 ^ 11 jours au moyen d’un appareil special dc stabilt- 
in&tre-polygrophe lequel a enrcgistre graplnquement les mouvements du 
corps 

On n compard 1’activite des periodcs de contiole et cclle| des pdnodes 
expdnmentalcs pendant Icsquelles dcs stimuli visueU constants ont ete prd- 
sentes d’une mnnidre automatique pendant line durde d’une secondc toutes 
les 10, 30 on 60 secondes 

Les rdsultats de cette etude montrent que les stimuli vlsucls de cette 
intensity et de cette durdc n’accroisscnt pas l’activite biute totale des periodes 
ou ils se montient Arnsi a cet age il n’y a aucun accroissement de Pin- 
quietude g6neralc et il n’y a pn9 beaucoup de rcponses specifiques de la 
musculature entire du coips Cela s’applique & toutes les vitcsses de 
I’application des stimuli etudes 

La d6charge de la forme “\Moro” de reponses par des stimuli visuels dc 
moms d’mterisitc meme pendant les deux prcmieis jours de l’existence post- 
natale avec l’affaiblisscment et la disparition rapidcs subseqnents des r6- 
ponscs dc la musculature enttere fait un vif contiasta avec la maiuere dont 
se developpent les rcponses aux stimuli auditifs 

Pratt 


DIE WIRKUNG W1EDERHOLTER GESICHTSREIZE AUF DIE 
TATIGKEIT NEUGEBORENER KINDER 

(Referat) 

Der Autor iintersuchte die Wukung wiederholter Gesichtsrei?e auf die 
allgemeine Tatigkeit neugeborenei Kinder Die Reaktionen von 28 ICindcrn 
im Alter von^-Il Tagcn wurden veimittelst einer besonderen Stabilnneter- 
polygTupheneinheit gemessen, die Koiperbewcgimgen graphiscli nuf- 
zeichnet 

Die Tatigkeit vrnhrend der Kontiollperioden wnrde rnit del Tbtigkeit 
wahrend der Expeumentalperioden verglichen, wahiend welcher konstnnte 
Gesichtsreize von der Dauei einer Sekunde automatisch nn Abstand von 
id, 30, 60 Sdvtmden gegeben wurden 
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Daa Ergebms dcr Untersuchung zclgt, dnss GeMrhtom. i 
gebcnen Starke imd Dauer die Gqsaintlutigkcit dcr Periodon* “7 gC ' 
welcher s.e daigeboten werden, mcht vermehren Darau foS f 7‘ lhlcnc ] 
dieser Altcrsstufe cine Zimalune in dei allirtineiiipn TTn,,, . Uass auf 

*>"» ■»* «. »«h. v"k ™X? r"" n\ ^T rtn 1 ct ' 

von Rcaktioncn anf Gcliorsrei/e Ve,lai,f der ^ntwicklung 


Pratt 



AN EXPERIMENTAL STUDY OF CHILDREN’S BE¬ 
HAVIOR IN A SPATIAL COMPLEX* 

Fiom the Institute of Child W elf ate, Uiwveisity of California 


M B Batalla 1 


The experiment heie repotted deals with the reactions of childien 
in a body maze, with paiticular tefetencc to the development of an 
“intelligent” tesponse to two pathways leading to the same exit. 
The general pattern of the maze is similar to that which has been 
used by Hsiao (2), and by Tolman and Honzik (4), in the study of 
“insightful” behavioi in rats It consists (see Figure 1) essentially 
of thiee pathways of unequal length, paths 1 and 2 lead through 
doors Di and D 2 into a common coiridoi and to a common exit 
door C, path 3 leads, by a roundabout loute, to a sepaiate exit door 
D a. The essential pioblem can be briefly stated as follows, after a 
child has become acquainted with all of the routes in the maze, how 
will he behave when he approaches the common door C thiough path 
1, and finds it locked' 1 Will he ictuin to the entrance thiough 1, 
and then go directly to 3, oi will he again approach the locked com¬ 
mon door through path 1? 

The latter behavior may be taken as an indication of a failure to 
grasp the field lelationships of the maze In terms of adult standards, 
it appeals as “stupid” and “insightless ” With leferencc to the learn¬ 
ing piocess utilized by the child, it would suggest learning based on 
tnal and erior or on specific conditionings, lather than on insight, 
configurational oi structured responses, oi iespouse to parts in the 
light of the whole If, on the othei hand, the child does actually 
make the coirect choice at the choice points, this would be capable 
of inteipietation either rn terms of («) chance, (b) “irradiation” 
of an avoiding response, oi (c) insight If ccriect choices are fre¬ 
quently oi generally made on the initial test tnal, it would then be¬ 
come desuable to complicate the pattern of the maze in oulei to 

♦Accepted for publication by Harold E Jones of the Editonal Board 
and received in the Editorial Office, May 1, 1933 

The writer wishes to acknowledge his indebtedness to Professor Harold 
E Jones foi guidance of the study, for collection of a part of tile data, nnd 
for assistance in preparing the manuscript, and to Professors Warner Brown 
and E C, Tolman for criticisms 
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iiilc out the fiist two factors. The piesent pattern, however, has 
been chosen as the simplest possible one for testing the reaction to 
a common path. 

An earlier paper (1) has described the construction of the maze, 
and the method by which the doois can be electucally contiollcd 
from an elevated observation booth. Two cxpei imenters are re¬ 
quired to opeiate the maze and take necessary iccouIs Ei stands in 
the elevated balcony, viewing the child through a screen. His duties 
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are to (1) control the doors, (2) record specific features of the 
behavior of the child in each part of the maze (c.g > jumping, run¬ 
ning, hesitating, pushing at walls, etc.), (3) record the path and 
cxploiations taken by the child, (4) lecord the time from the mo¬ 
ment a child enters until he comes out at the exit, (5) determine 
the experimental procedure relative to the experimental stage, and 
(6) give buzzer signals to E 2 concerning deshed experimental pro- 
ceduie The duties of Eg are to hung the child to the maze, show 
him tiie entrance and exit doors (fiom the outside of the maze), and 
at the appropriate signal to start the child in the maze, urging him, 
"Now find the way to the other door as quickly as you can.” In 
early tnals, m a few cases, it has proved necessaiy to give verbal en¬ 
couragement, if a child became emotionally disturbed Observational 
lecords of cooperativeness, interest in the maze, verbalizations, and 
relevant behavioi signs vme taken by both obseiveis, and particularly 
by E 2 A detailed bchavioi rating scale was also filled in by Eg, 
the icsults from which aie not here reported. A high level of moti¬ 
vation prevailed among the children. The only external rewards 
used weie jack-stones and marbles, which were shown to the child 
before the first trial of the day, and were given to him following the 
last run of the day After each run the child received verbal praise 
from E 2 . Motivation was strengthened bv the children’s attitude 
of competition "to be taken first”; the natme of the task, involving 
full bodily activity rather than the moie restricted behavior of ordi¬ 
nary laboratory procedures, was well suited to maintaining interest. 

Six separate experiments were conducted, and records taken for 
over 3000 runs The procedures in the training scries were as 
follows 

Experiment I 21 nursery-school children, ages 30 to 51 months, 
mean CA 42 months. The mental age range was from 27 to 79 
months In this, as in all the other youngei groups, the average 
IQ was between 115 and 12Q, the intellectual and social selection 
was similar to that found in representative private schools. In Ex¬ 
periment I the piocedurc involved [a) free choice trials, in which 
the children were given four runs a day for three days, any path 
being peimitted, (b) restricted trials, requiring children to extend 
their practice in the various pathways This last was especially 
necessaiy in cases in which a stiong tendency had developed to pre¬ 
fer one path to the exclusion of the others. The restriction was 
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accomplished by locking doors 1, 2, and 3, as needed; dooi C was 
never locked. In these trials the child was icquned to take the 
paths in rotation Thus, if a child took path 1 in his first run on a 
given day, path 2 was the only one open for the second run, and path 
3 for the third run. Altogether, each child received appioxrmatcly 
12 free trials and 18 restricted trials. 

Experiment IT The same group was used as in the preceding ex¬ 
periment, after an interval of three weeks Approximately 9 free 
choice and 11 restiiclcd piehniinaiy runs wcie given pei child 

Experiment III: 57 nursery-school, kindcrgaiten, and elementary- 
school children Ages 32 to 94 months, mean CA 59 months An 
average of 9 free choice and 7 lestiietcd preliminary runs were given, 
Instead of being spread over a week m more, however, these trials 
were all given on one day. Experiment III was given approxi¬ 
mately 5 months after Expeument II, and included 13 of the same 
subjects 

Experiment IV: 28 kindergarten and elementaly-school children. 
Ages 51 to 94 months, mean CA 71 months. In tills expeument no 
restriction occurred thiough locking of the doors 1, 2, or 3, If, how¬ 
ever, the child became fixated on a single pathway, E 3 would suggest 
to him, "This time try a diffeicnt way” An avetage of 19 pre¬ 
liminary runs was made, per child The common door C was 
propped open during the preliminary training Experiment IV was 
given about three weeks after Experiment III, and included 9 of 
the same subjects 

Experiment V: 18 kindergarten and elementaly-school children, 
ages 51 to 94 months, mean CA 72 months. Thcic was considerable 
overlapping as to subjects in Experiments III, IV, and V, In Ex¬ 
periment V the maze pattern was changed somewhat in order to 
accentuate the diicctional difference at the choice point between paths 
2 and 3, These were no longer at light angles to each other, but 
led in opposite directions. The common door, as in Expeument IV, 
was propped open in the preliminary series Experiment V was 
given a week after Experiment IV, and included 10 of the same 
subjects. The training period included an aveiagc of 22 tuals 

Experiment VI. 20 children, of the fifth and sixth grades, were 
tested with the maze patterns used in Experiments I, II, and III. 
Ages 115 to 143 months, mean CA 133 months. An average of 2 
restricted and 9 free choice preliminary trials were given, all on 
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the same day This expenment was conducted by Dr H E Jones 
Table 1 gives a record of paths attempted and completed, fox each 
experiment. 

TABLE I 

Attempted and Completed Runs in the Training Period 


Total times 
path entered 
(1st choice) 
Path 


Number of runa 
completed 
Path 



1 

2 

3 

1 

2 

3 

Experiment I 

259 

223 

111 

2+1 

227 

125 

Experiment II 

201 

138 

75 

209 

103 

102 

Experiment III 

437 


165 

431 

271 

209 

Experiment IV 

199 

189 

ISO 

199 

176 

163 

Experiment V 

142 

136 

112 

139 

133 

118 

Experiment VI 

80 

74 

57 

66 

75 

70 


It may be noted that in each expeitment a definite preference 
existed for path 1, and that path 3 (longest, and involving more in¬ 
tervening curtains, and with more blind alleys) was least preferred. 
These differences in preference weie subject to interference from 
the restricted runs, which equalized piactice somewhat. The purpose 
of the training series was not to make the runs in path 3 equal to 
those in the other pathways, but meiely to make sure that every 
child had a thorough acquaintance with the maze, dciived from 
repeated experience in each path. It was desirable that at the end 
of tire training series a gi eater preference should remain for paths 
1 and 2 than for 3. 

The test series, or series of critical runs, were similar in all ex¬ 
periments Doors 1, 2, and 3 were unlocked, but door G was locked 
for the first time m the child's experience. It remained continuously 
locked thioughout the test seiics In Table 2, lesults for six experi¬ 
ments, and for five or more test runs, aie presented in teims of three 
patterns of mns. In the first pattern (x-x-3), the child i etui ns a 
second time to the locked dooi, through another path; the succession 
of runs may be 1-2-3, or 2-1-3, oi even 1-2-1-3 In the second pat¬ 
tern (x-3), the child goes to the locked door thiough either 1 or 2, 
but thereafter runs directly^ to path 3. In the third pattern the child 
uins to 3 without attempting 1 or 2, In the first critical run, no 
examples occur of this last, since the critical series is nevci started 
except when the child is in path 1. A positive run on the first criti- 
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cal trial js defined as one m which the child, approaching the locked 
door through path 1, returns to the entrance, rejects path 2, and 
goes directly to path 3. It is, of course, recognized that a certain 
proportion of positive runs may occur through chance. This pro¬ 
portion is, however, smaller than 50%, hecause a preference for path 
2 over 3 has been developed in the training series, and also because 
in all expeuments except Experiment V the child must pass the en¬ 
trance to path 2 before entering 3. 

Table 2 indicates the following: 

1. In Expeuments 1, II, and III the majority of the children 
make "failures" in the first test run—returning to the locked com¬ 
mon door through a second path. 

2. An increased avoidance of paths 1 and 2, leading to the com¬ 
mon path, is shown on subsequent runs Subjects who received 10 
or more test runs (not shown in the table) usually went directly to 
path 3 and made no further attempts to enter the common path. 

3. A repetition of the experiment with the nursery-school chil¬ 
dren showed an increased numbei of initial failures and a slower 
elimination of failures in successive trials (Experiment II as com¬ 
pared with Experiment I). 

4. With the group of greater average age, in Experiment III 
(59 months as compared with 42 months), no increased efficiency 
is shown, the comparison, however, is slightly unfair to these older 
children, since their tiaimng series was condensed to trials on a 
single day 

5. In Experiments IV and V there is some hint of a greater 
understanding of the pioblem This is supported also by a greater 
amount of secondaty evidence (verbalization, hesitation at the choice 
point, followed sometimes by a sudden rush into path 3). Even in 
these experiments, however, over one-fouith of the children make 
failuies in the first critical test run, 

6 Expeument VI, with older children (mean age 133 months), 
is comparable in piocedure to Expeument III, The older subjects 
arc not markedly superior to the younger children in the percentage 
of initial positive runs 

7. In the test runs subsequent to the fust critical test, five addi¬ 
tional trials are in nearly all cases sufficient to diininate runs of 
the pattern x-x-3 In Experiment I, runs of the pattern x-3 were 
also eliminated rapidly 
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Table 3 gives a compaiison of boys and girls and also a comparison 
between the upper and lower h,lives of each group when divided 
on the basis of CA and of MA. "With respect to these comparisons, 
results were reasonably consistent in ihc several expci linen ts, and 
the data were thcrcfoie combined. Experiment VI, with childien 
whose ages fall be von d the l.ingc of the others, was not included. 
Table 3 indicates the following 

1, There aic no significant sex diffeicm.cs m the initial test 
runs, oi in the subsequent elimination of iuns to the common path 

2. Youngei children perform better than oldei childien, par- 
ticulaily in the first test run (This is a consistent finding, in each 
of the five experiments ) 

3 Childien lower m MA pcifoim bcttei than childien higher 
in MA. (This is also a consistent finding ) 

Discussion 

1. The pioblem presented was that of reacting to a common 
path and common door. Evidence of such lenction, on the first 
critical test run, might consist of (ff) verbal report, (i) diawings 
of the maze (by the oldei childien.), (c) hesitation at the choice 
point, followed by a dash into the only path still open, oi ( d ) cor¬ 
rect choice of the open path, The lattei cnteriori is riot in the indi¬ 
vidual case conclusive evidence, foi a child might take the open path 
by chance, or by a generalizing of a conditioned avoidance to path 
1, without any specific rcpicscntation of the common "bad” features 
of paths 1 and 2 We have seen that in Expcinnents I, II, and III 
only a minority of the childien made correct or positive choices (x-3) 
on the first critical iuns, ami this number of positive choices could 
have been achieved by chance. Tlie bchavioi obscivcd in these ex¬ 
periments suggests that the childien tended to react to the pathways 
as separate units, and, in general, without a grasp of the total pat¬ 
tern of of the field relationships of this quite simple oiganization 
of paths, The evidence is negative with icfcience to the emeigence 
of ''inferential expectation” (3) It docs not appeal that the maze 
is, in most cases, compichended as a meaningful whole oi configura¬ 
tion, the indication is, rather, that its component pails elicit reactions 
of a “piecemeal” 1 charactci 

2. It is possible (although we have no diiect evidence for it) that 
a return to the locked common dofn thlough another path, in the 
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first cntical trial, may at times be dependent upon factors other than 
haphazaid or piecemeal reaction In all pievious runs, during the 
training senes, the common door has been unlocked When the child 
approaches it through path 1 and finds it locked, he may formulate 
an hypothesis that it will be unlocked if he approaches it from an¬ 
other dnection When the child approaches the locked common 
door through path 1, in the first cntical trial, he expci lences a frus- 
tiation which may in some cases lead to a simple avoidance reaction, 
but which in othei cases may conceivably involve taking path 2. 
Taking path 2 instead of path 3, therefore, would not be evidence 
of lack of insight concerning the common door, but would indicate 
an exploratory type of insight, at a higher level On the basis of 
present evidence, the wntei is inclined to discount this possibility; 
the formulation of hypotheses, at these age levels, probably occurs 
so rately and so unsystematically that only an extreme over-reaction 
from the law of parsimony would lead a writer to assume their 
existence as important factors in maze learning Another more prob¬ 
able factoi may perhaps be infericd from Lcwin’s studies of the 
effects of inteirupting an activity It may be observed that when a 
child finds a door locked, he usually pulls at it again in a more 
vigorous manner, sometimes he turns away for a moment and then 
comes back and tues again Frustration may heighten the stimulus 
value of the door, so that when he has an oppoitumtv to return to 
it from another path, he does so, recognizing the fact that he is re¬ 
turning to the same dooi; the stimulus value of the locked door 
would, then, be greater than that of the open pathway (path 3) We 
cannot m the piesent evidence exclude the possibility that such fac¬ 
tors may have operated in ceitain cases These would be cases in 
which the child acted apparently without insight, while the tiuer 
interpretation would be that lie had the i.dea of the common dooi, 
but tluough the operation of conflict factors was unable to use this 
idea intelligently We cannot assume that the behavior was due to 
lack of motivation, obseivational data, time lecords, and the evi¬ 
dence concerning the decline of x-x-3 runs in successive test trials 
(Table 2) show that the childien weie, in general, motivated to 
find an open exit rather than to linger in the maze The typical be¬ 
havior at a locked dooi is strongly indicative of flustration and of 
incentive to find an exit. 

3. The smaller piopoition of failures m Experiments IV and 
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V calls for comment. It Is apparent that in the training wiles ver¬ 
bally imposed restuctions lue marc advantageous for the subject 
than the method of lcstiictmg runs by temporarily locking intermedi¬ 
ate doors. Encountering a locked dom is more likely to produce 
confusion (in the preliminary stages of getting acquainted with the 
maze) than simply being told, “Now try another path ” Even un¬ 
der the moie favorable conditions of vcibal contiol by the experimen¬ 
ter, over one-fouith of these childien, hom four to eight years of 
age, show an absence of disci iminatoiy behavior in the initial test 
run, 

4, If insight and ideational learning were significant factors in 
these experiments, wc would no doubt expect a superioi performance 
from older, and from more intelligent childien. The fact that more 
intelligent children make more failures than the less intelligent is 
hardly to be anticipated, but may be explained in temrs of fixation. 
Older, more intelligent childien more easily become steicotyped in 
their maze behavior. As a result of the training series (in which 
they have chosen path 2 more frequently than path 3), they peisist 
in the choice of path 2 even undci changed conditions which make 
this reaction no longer suitable The younger and less fixated sub¬ 
jects arc ficcr, at the choice point in the maze, to respond either by 
chance, or, in a few cases, with reference to an explicit lccognition of 
the maze pattern This explanation is consonant with the finding 
that in the same gioup of childien an extension and repetition of 
the training senes (Expeiuncnt III) results in an increase rathci 
than a decrease of failures in the first test lun. 

5. The increased avoidance of the common path, shown on test 
runs subsequent to the initial critical run, is similar to results ob¬ 
tained by Hsiao (2) Hsiao considered that this was explainable 
in terms of insight, whereas the present wntei, in agreement with 
Tolman and Honzik (4) consideis that only the first test utn was 
critical for insight In the present experiment, it is the writer's 
contention that the increasing percentage of positive runs (direct to 
path 3) is readily intcrpietable in terms of iccency factois, and of the 
development of specific avoidance to patli 1 and to path 2 The data 
are regaided as compatible with theories of learning by conditioning, 
oi by piecemeal acquisitions in the course of trial and enor. The 
experimental conditions descubcd aic regarded as peunitting the 
child to become acquainted with all of the factois which aic ncccs- 
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sary for insightful behavior, but the behavior observed is only rarely 
suggestive of insight, ideational response, 01 of "stiuctured” response. 
If such phenomena aie to be demonstrated in child len of these ages, 
other procedures must be sought than those which are involved m this 
Simple maze situation, 
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UNE ETUDE EXPERIMENTALE DU COMPORTEMENT DES 
ENFANTS DANS UN COMPLEX,® SPATIAL 
(R£sum6) 

On rapporte une s£ne dc six experiences, ou il s’agit des reactions deg 
enfants dans on labynnthe de grandeur naturelle On a teste approxlma- 
tlvement 100 enfants, ag6s de 2-1 2 a 12 ans On a utilise un labynnthe i 
troia routes, dont deux se sont unies dans un deimer sentier comtnun, pen¬ 
dant que la troisi^mc route s’est terminee, cn employant des detouis, en 
une soitie separic On a piojcte les experiences dans le but de testei le 
d^veloppement des reponses “mtiutives” h la foime dll labynnthe L’ap- 
prentissnge s’est montre, mais une analyse de plus de 3000 £preuves indlque 
que les enfants out tendu a reagir aux sentiers commc unites separces, et 
en general sans une comprehension des rappoit9 Tun a Pautie de cette or¬ 
ganisation tout simple de sentieis On consideie les donn£cs comparables 
aux theories de l'apprentissage pai le conditionnement, ou par les acquisitions 
d’essai-crreur au hasaul On considire que les conditions expdrimentales 
employees permettent 4 I’enfnnt de connaitre tons les factems n^cessnirea au 
compoitement intuitif, mais le comportement observe ne ailgg£re que taie- 
ment 1’intuvtion, la reponse ideclle, ou la reponse “construite ” 

Batalla 


EINE EXPERIMENTELLE UNTERSUCHUNG KINDLICIIEN 
VERIIALTENS BEI RAUMLICIIEM BEGRIFF 
(Referat) 

Man berrichtet uber scchs Experimcnte uber die Reaktionen von Kmdern 
in einem lebensgiossen Labyrinth Es wurden ungefahr 100 Kinder im 
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Aiter von 2^ bis 12 Jahren gepruft Man gebrnuehte das Dreiwogclaby- 
rinth (three-route maze) , zwei Wege fuhrten in einen gemeinsamen 
Endpfad, wnhrenddem der dntte auf cinem weitlaufigen Weg zu cinem 
Separatausgang fuhrte, Die Expenmente wurden geplant, um die Entwick- 
lung der “einsichtigen” Reaktionen auf cm Labyunth zu prufen Man 
fconnte ein erlcrncn nnchweiscn, nber die Analyse von uber 3000 Vcrsuchcn 
zeigf, dass die Kinder die Tendenz haben, aitf die Pfnde als getrennte 
Einheiten zu rcagicren, und im Ailgemeinen die Fcldbezichung dieser reclit 
emfachen Organisation der Pfade mcht verstehen Die Angaben dm fen 
verglichen werden mit den 'Theoncn uber das Erlerncn durch Erstellung 
bedingter RefTexe, oder duich stuchweise Aneigiiung aufs Geiatevvohl Die 
gebrauchten experimentcllen Bcdjngungen gegfatten dem Kinde vpohj rmt 
alien Faktoren bekannt zu werden, die fur etnsichtiges Verhalten voraus- 
gesetzt werden mussen, aber das beobachtete Verhalten weist selten auf 
Einsicht, ideele Reaktion, oder “strukturierte” Reaktion. bin 


Batalla 



A STUDY OF INDIVIDUAL DIFFERENCES IN 
ASSOCIATIVE CAPACITY* 

From the Department of Psychology of Temple University 

Richard S. Harter 


I Problem 

Many intei pretations and criticisms of association theory have 
been developed, such as Hollingworth’s theory of lcdintegration, 
Pavlov’s conditioned reflex, Watson’s idea of ongmal movements, 
and the configurational theory of Gestalt Certainly it is tiue that 
few attempts have been made to study the quantitative aspects of 
association. The Teason for this, no doubt, is that few investigators 
have caied to make an experimental analysis of association. A sur¬ 
vey of the literature bearing on association shows, also, that no 
investigator has attempted to account for individual diffeiences in 
associative capacity 

The purpose of the present investigation is (1) to make a quan¬ 
titative study of individual and sex differences in associative capacity, 
and (2) to determine the structural elements in this capacity. 

II Material and Method 

In order to study the structure and individual differences found 
in associative capacity a very simple associative test was used and 
administered to elementary classes in psychology at Indiana Uni¬ 
versity 

Our analysis involved the use of a test which we called "The 
Indiana University Test of Associative Capacity.” This test con¬ 
sists of many repetitions of different codes which are learned as 
simple associations Directions foi the giving of this test aie shown 
in the sample test which follows* 

DIRECTIONS FOE TEST OF ASSOCIATIVE CAPACITY 

This is not a test of intelligence, it 13 a test of your ability to make 
simple associations of the Bort you made when you learned the multiplica¬ 
tion table v 


* Recommended by G S Snoddy, accepted for publication by Carl 
Murchison of the Editorial Board, and received in the Editounl Office, 
February 21, 1933 
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On the sheets underneath you will see at the top of the page one line 
of numbers and one line of letters Each letter 1 b below a number and 
represents the number above it. Below the two lines at the top of the 
page arc two columns of numbers. At the right of ench number, space 
is left for you to write the proper letters. 

Here la a sample 

5 9 + 3 7 6 

b e t c o a 


49,635 

m 


a 

fl 

B 

Note that the letters corre¬ 
spond to the numbers 

63,495 

a 



E 

B 

The fiist letter coriesponds 
to the first digit, etc 

53,697 






Fill out the letters in the 
blank spaces 


You will turn the page, when the signal is given, and fill out aa many 
spaces as you can in the time allowed Try to learn the combinations 
but do not stop to study them Write down as many letters as you can 
in the time given. 

(Sample of blank to be filled out by subject) 

Code 

+ 86192753 

cfamerbot 


84,976 

B 

■ 

■ 

■ 

■ 

27,516 






75,821 

1 

E 

■ 

■ 

■ 

37,821 






63,415 

■ 

a 

■ 


9 








E\petmeni L Here we used the direction sheet as shown above 


and five substitution sheets with codes 

as 

follows 


(1) 

4 

8 

6 

1 

9 

2 

7 

5 

3 


c 

/ 

a 

tn 

c 

i 

b 

0 

t 

(2) 

5 

2 

7 

4 

8 

6 

3 

1 

9 


/ 

c 

e 

a 

111 

1 

0 

/ 

b 

<3) 

6 

3 

5 

9 

2 

7 

1 

8 

4 


in 

a 

r 

/ 

0 

c 

b 

e 

/ 

(4) 

2 

7 

1 

8 

5 

3 

9 

4 

6 


f 

0 

r 

t 

a 

b 

in 

e 

0 

(S) 

i 

5 

9 

6 

4 

2 

8 

7 

1 


e 

m , 


f 

r 

a 

0 

t 

c 


The time given for each substitution sheet was thiec minutes in 
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which to work, and a two-nunute rest interval was allowed between 
successive repetitions to avoid fatigue 
Experiment II In Experiment II we used the diiection sheet 
as shown on page 140, but one and the same code was used for ten 
successive repetitions The time was reduced in this experiment, 
one minute being allowed for each repetition in which to work, and 
one-minute intei val between successive repetitions for rest 
E\pet iment III A fuithei analysis of our pioblem involved the 
use of certain of the materials in our first expeument with some 
significant supplementations Here we used the same directions and 
the five substitution sheets with codes as descubed in Experiment 
I. The time given for each substitution sheet was also the same 
as that used in Expeiiment I. In addition to the above material, 
howevei, a j e tent ion sheet was used, and, aftei the student com¬ 
pleted his three-minute work period, he was asked to look at a 
code on the retention sheet and leisurely write the proper letters 
for the corresponding numbers ot the code This supplementation 
was intioduced to see how well the students were learning and 
retaining the code 

III. Results 

1. Individual Diffei ences in Associative Capacity A suivey of 
the data of Expei iment I shows that theie aie wide vacations among 
individuals in performing this task A study of the semes obtained 
from 247 students (Table 1) leveals a wide lange of van'ation for 
each of the five icpetitions of the experiment 
Standaid deviations (Table 2) show that the degree of varia¬ 
bility is about the same for each repetition, which indicates that 
practice does not tend to eliminate the differences found in associa¬ 
tive capacity, 

Correlations of +>78, + 81, and + 84 obtained between the sec¬ 
ond and thud, thiid and fourth, and fouith and fifth repetitions, 
respectively, of Experiment I prove furthei that the difteienccs 
are not canceled as a result of practice, but approach a constant. 
The final proof of tins constant is reached in oui Experiment II 
In cider to analyze and study moie accurately the problem in¬ 
volved in associative capacity we used Experiment II, which is com¬ 
posed of ten successive repetitions of one code. Table 3 indicates 
cleaily the variability of peifoimance of 145 freshmen students wlio 
acted as our subjects foi this experiment. The scores show gi eat 
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variability and one just as maiked as that which we found in Experi¬ 
ment 1 Here we used the same code tlnoughout the ten icpetitions, 
while in Experiment I the code was different foi each repetition. 
Regardless of the ninny lepetitions of the same code, the individual 
differences, peisist, and, with this in mind, it is interesting to study 
Figure 1, which gives the quartilcs for each lepetition These quar- 
tiles present conclusive evidence that, instead of a cancellation of 
individual diffeiences- due to practice, there is a maintenance of the 
differences throughout the practice, that is, the quaitiles show that 
the superior performers stay superior, on the average, and the aver¬ 
age and inferior peifoimers rue unable to cut down the lead of the 
superior subjects Also, a studv of Figure 1 indicates that the 
middle and lower quartile groups have readied the extent of their 
ability in this function, while the uppei quaitilc gioup is still im¬ 
proving and gaining in ability. Projections of tile curves show that 

TABLE 1 

Frequency for Each of Fivf Repetitions 


Repetitions 


Scores 

Fiist 

Second Third 

Fourth 

Fifth 

30- 39 

1 





40- 49 

11 

1 



2 

50- 59 

27 

7 

8 

5 

2 

60- 69 

55 

19 

15 

12 

12 

70- 79 

61 

38 

50 

37 

31 

80- 89 

47 

61 

56 

51 

40 

90- 99 

27 

55 

57 

59 

61 

100-109 

16 

44 

41 

53 

61 

110-119 

2 

16 

14 

20 

22 

120-129 


5 

4 

6 

7 

130-139 


1 

2 

4 

6 

140-149 





3 


Total number of 

shidents= 

247 




TABLE 2 



QuArtiles, Means, and Standard 

DrmnoNS for 247 

Subjects 


in Experiment I 


Repetitions 

Q s 

Qa 

Qi 

Mean 

S D 

1 

56.5 

75,0 

64 2 

75 4 

15 5 

2 

101 0 

89 6 

79,1 

S9 6 

16,1 

3 

99 9 

89,0 

77 8 

89 1 

160 

4 

5 

104 0 

93 0 

81,5 

92 8 

16 0 

106 2 

96 0 

83 7 

95 3 

16 3 
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TABLE 3 


QiMRmB Deviations, Means, a no Coefficients or V vuadilitV 

/ Q \ 

I-I tor 145 Subjects in Experiment II 

\Qa / 


Repetitions 

Qa 

q 2 

Qi 

Quartile 
deviation (Q) 

Mean 

C. V 

1 

312 

26 6 

21 2 

5 0 

26 3 

18 7 

2 

37 9 

33.5 

29 5 

42 

33 5 

12 5 

3 

40 1 

35 7 

31 0 

45 

35 8 

12 6 

4 

43 7 

38 1 

32 8 

54 

38.8 

141 

S 

46 6 

41 0 

35 9 

5 3 

41 7 

12 9 

6 

48 1 

42 5 

37 0 

5 5 

42 7 

129 

7 

50 6 

‘14 0 

38 S 

60 

447 

13 6 

8 

55 5 

47 9 

+1 6 

69 

48 6 

14.4 

9 

57.2 

49 2 

42 7 

7.2 

50 2 

14 6 

10 

59 0 

50.4 

421 

84 

50 4 

166 


individual diffeiences will mciease gteatly from the tenth repetition. 
While our quartile lines have shown decisively that individual 
differences are maintained throughout practice, it is, of course, 
possible that the individuals oi subjects may be changing places in 
a way to compensate for a possible constriction. Correlations will 
dispose of this difficulty 

Correlations obtained between pairs of successive lepetitions of 
Experiment II present an interesting picture indeed. 


First and second repetitions 

.65 

Second and third “ 

.69 

Thud and fourth “ 

.72 

Fourth and fifth '* 

.84 

Fifth and sixth “ 

.83 

Sixth and seventh " 

.78 

Seventh and eighth “ 

.87 

Eighth and ninth “ 

84 

Ninth and tenth " 

.81 


From these coirelations it is seen that there is piobably a con¬ 
striction oi coming-together of subjects during the adaptation penod 
of four lepetitions, but, after this, the correlations aveiagc a con¬ 
stant, which indicates that there is no tiend of any sort towaid a 
cancellation of individual diffidences or change of places among 
subjects The diffidences that prevail at the outset oi adaptation 
stage of learning lemain constant oi tend to increase dining the 
facilitation stage of learning We have designated the early stage 





Repeiiii ons 

FIGURE 1 

Quartvles for 14-5 Subjects. — Experiment II 

of the learning curve wheie constnction takes place “the adaptation 
stage,” and the remamdei of the curve whcie individual differences 
arc more constant, "the facilitation stage ” 

It is acknowledged by the majority of psychologists thai, if the 
differences involved ui any learning function aie not due to past 





DIFFERENCES IN ASSOCIATIVE CAPACITY 


145 


training, then they rest upon the physical state of the subject or 
are the xesult of inherited capacity. If the differences at the begin¬ 
ning of piacticc aie due to inherited capacity, then practice would 
either increase these differences or maintain a constant, while, if 
the differences befoic practice aie the result of training, then, with 
equalized practice for all, the differences would tend to be eliminated. 
The results of Experiments I and II show that there are wide dif¬ 
ferences in associative capacity and that they persist regardless of 
the amount of practice involved 

Efficiency and retention. We thought that the diffeiences 
shown in Experiments I and II might be due to superior ability of 
the superior performers to retain the symbols of the code, so Ex¬ 
periment III was given to 200 students A rather interesting dis- 
coveiy was made heie, for we found that statistically the slower 
performers weie just as capable and efficient in retaining the sym¬ 
bols of the code as the faster pei formers. A correlation of only 
17 ± .033 was obtained between the ability to retain symbols and 
the ability to substitute, which shows that the slower performers 
retain about as well as the faster performers. Enough has been 
shown to prove the existence of variability among individuals m 
associative capacity This variability is not the result of training, 
or even of learning, therefoic, it would seem, from Experiment 
III above, to be a mattei of speed of functioning of neuial patterns. 
Individuals diffei in then capacity to make and record associations 
due to this speed-of-functionmg principle. 

2, Sex Diffeiences in Associative Capacity Our study of sex 
differences shows that the girls are fai supenor to the boys in asso¬ 
ciative capacity The diffetence is so great between the 139 male 
and the 108 female subjects that the experimental coefficient, Mc¬ 
Call’s device foi showing reliability of a difference, will aveiage 
2 36 for the sum of the fouith and fifth repetitions of Experiment 
I, which indicates a diffeience too great to be due to chance. Table 
4 gives the quartiles, medians, means, and standard deviations for 
the male and female subjects. 

The sex diffeiences manifest in our study aie sufficiently large 
to be legarded as an impoitant phase of the problem The girls 
as a group are spccdiei than the boys and possess superior ability 
at all levels of the learning, 




FIGURE 2 

Qvartiles tor 139 Males and 108 Females 
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TABLE 4 


Quartiles, Medians, Means, and Standard Deviations for 108 Females 
and 139 Males in Experiment I 


Repetitions 

Cb 


Qi 

Median 

Menn 

S D 

1 

101 6 

108 
80 8 

Females 
72 0 

87 7 

81 0 

22 2 

2 

106 0 

96 7 

86.2 

96 6 

95 9 

1S.1 

3 

104 6 

94 7 

83 7 

9+6 

9+,S 

15 6 

4 

107.8 

98 2 

87 5 

98 7 

97 9 

15 2 

S 

109 1 

101 2 

90 0 

101 0 

100 6 

14 3 

1 

31 1 

139 
69 2 

Males 

61 1 

69 1 

71 1 

15 0 

2 

94,9 

84 8 

74 5 

8+7 

8+7 

15 3 

3 

95 6 

84 6 

74,2 

8+5 

85 0 

16 0 

4 

99 2 

89 1 

76 7 

89,0 

88 4 

16 S 

5 

102 3 

92 5 

78 3 

92 5 

912 

18 0 


3 Sti uctnre and Process of Lem mug Involved tn Associative 
Capacity Our study of the differences in associative capacity ap¬ 
pears to conform with those of Thorndike, Starch, and Whitley 
in that piacticc does not deciease individual differences Realiza¬ 
tion of these significant differences aroused oui interest and led us 
to inquire into the structural basis of the differences we had found 
in associative capacity Since we were convinced that these differ¬ 
ences in associative capacity were due to a structure of some kind 
that was capable of functioning at a certain rate, we analyzed this 
learning piocess further to seek a logical structural basis for these 
differences 

The learning piocess involved in our study is something like the 
following. Aftei the learner has made himself acquainted with the 
directions for the test, lie pioceeds as follows* As in the sample 
on page 140, the learner is first confionted with the numbei 49,635 
He secs the number 4 and then looks in the code and finds the letter 
tj which is the symbol foi 4 Then he proceeds to the next figuic, 
which is 9, and he finds in the code the lettei e, winch is the cor¬ 
rect symbol foi the number 9 The learner continues such a process 
until he does not have to refer to the code, from which time his 
efficiency is mcicly a matter of the speed of appearance of the 
conect symbols foi the numbeis of the test In other words, we 
are dealing with a series of events which is first spread out in time, 
then, as the act is lepeated, this succession of events undergoes con- 
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striction. In the process of constriction successive elements move 
toward simultaneity of occurrence, which leads to a cancellation 
and dropping-out of some of the elements. The dropping-out of 
the looking-at-the-code step is made possible by the appearance of 
the visual image of the code, which is followed by the writing of 
the symbol. With moie practice, the visual image drops out and 
the sight of the element in the substitution sheet is followed at once 
by the writing of the correct symbol. Nothing has happened but 
a temporal contraction of the events in the ongirial series A syn¬ 
thesis of elements has taken place by a pioccss of telescoping. This 
can be seen by an analysis of any one of the steps usually conceived 
of as discrete Tlius the actual visual image of the coirect symbol 
is itself not a discrete or static thing, but instead is a sequence of 
events such as adjusting the eyes to the code, incipient movements 
of writing and so on—a sequence that has already undergone a 
large amount of contraction with a dropping-out of non-essentials. 
The coordination is not a sequence of discrete elements such as a 
succession of dots on this page, but ratlici a group of parallel hori¬ 
zontal lines which overlap, forming staii-stcps A pile of boards 
at the lumber yaid with the higher boards receding gradually is a 
good figure A coordination, or any analyzable pait of a cooi dina¬ 
tion, is such a pile As learning proceeds the overlapping is in¬ 
creased. Thus elements at the beginning in clear succession undcigo 
such a contraction that later elements appear not only earlier but 
in part simultaneously with their predecessois. It is this simul¬ 
taneity of occurrence which leads to the dropping-out of non-essen¬ 
tials, The view here proposed is similar in foim to the Gestalt 
conception of “closure n It was presented by Snoddy in his analysis 
of mnroi-tiacmg in 1920 and in a latci study in 1926 


IV. Interpretation oe the Results 

Piesent theories of interpreting associative capacity, such as those 
of Hollingworth, Pavlov, Watson, and the Gestalt conception, are 
not adequate to interpret our data since they cannot be reduced to 
a functioning base 

Hollingworth (7) and Watson (24) ignoie the question of differ¬ 
ential capacity, consequently they do not support their theories with 
a physiological basis 
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Pavlov and the Gestalt psychologists realize the necessity of 
physiological explanation, hut their interpretations do not suffice 
for oui study because of their failuie to present material concerning 
individual differences 

Our findings show that the slowest performers when given ade¬ 
quate time in a lecall test can record as many accurate associations 
as the more rapid performcis. At once we see that individual differ¬ 
ences must turn on speed of functioning, rathei than upon speed 
of formation of associative patterns, which is learning as usually 
conceived Furtheimore, piactice does not reduce or cancel individual 
diffeiences found at the beginning of learning The absolute rate 
of improvement falls as piactice proceeds, hence our superior sub¬ 
jects cannot have reached their high position from experience, since 
this would have led to a low rate of impiovement, and their supei- 
loritv would have been reduced greatly by the inexperienced subjects 
with high rate of improvement. Our individual differences are 
real, final, and arc not due to experience. They must be due to the 
speed of functioning of physiological patterns or adjustments 

The results obtained in this study confiim the results Snoddy 
found in an entirely different peifoimance, muror-tracing. He 
likewise found that piactice does not alter individual differences, 
and that a basic capacity of some nature—in particular, he pioposes 
stability or cnduiancc capacity—is necessary to explain individual 
differences, Every noimal individual possesses initially the capa¬ 
city to go over the steps of our simple task, and it is our view that 
the differences that exist among individuals in associative capacity 
arc to be explained m terms of differences in the time of function¬ 
ing, which, in turn, depends upon the stability or the endurance 
capacity of these sensorimotor patterns to endure stimulation; thus, 
we find here the same basis for the learning as proposed by Snoddy 
for motor learning. In othei woids, the stability or enduiance 
capacity of sensonmotor patterns determines how much stimulation 
a pattern of coordination can endure It is not a matter of the 
ability to establish certain connections 01 form associations, for the 
differences are not due to formation of the patterns, but lather to 
the speed of functioning of those already there. Learning is merely 
tire increase of the ability to endure stimulation The total pattern 
is there at the beginning; it undergoes contraction which involves 
the dropping-out of many elements, the increase of stability, and the 
increase of speed of functioning. 
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V Conclusions and Summary 

In this study of the structuie of, and the individual differences 
involved in, associative capacity we have used a simple test of 
associative capacity and have attempted to explain the stiucturc and 
differences involved in associative capacity 
We have found in a special study of digit-symbol retention under 
conditions of slow recall, aftci large individual diffeienccs had been 
established through repetition, that the very slowest subjects were 
as efficient as the faster performers in number and accuiacy of 
retained elements This presents a most important point in this 
study, foi the individual differences in associative capacity thus 
seem not to be due to learning or retention as usually conceived, 
but rather to ceitain differences in speed of functioning 

The individual differences persist thiough all the repetitions of 
the test, therefore practice does not reduce 01 cancel the diffeienccs 
found in the outset of learning. Rather, the differences aie main¬ 
tained throughout extended practice, which shows that the variation 
among individuals is not due to past experience. 

Since past experience or learning is not responsible for the differ¬ 
ences in associative capacity, it appears that a capacity of some nature 
is necessary to explain the differences involved in this function This 
capacity is not a matter of the formation of associations but simply 
a matter of the speed of functioning of total patterns Our results 
show varying degrees of performance, and this variation is reduced 
to the stability or endurance capacity of neuiomusculai patterns to 
endure stimulation. Large sex differences were discovered in this 
study, and the higher efficiency of the girls in making substitutions 
is conceived to be due to their greater speed of function. 

In an entirely different study, mirror-tracing, Snoddv has found 
that neuromuscular patterns possess a specific stability and endurance 
capacity, and that individual diffeiences involved in his study and 
in similar abilities could be reduced to the stability or endurance 
capacity of neuromuscular patterns to endure stimulation 
The stability of the patterns involved in associative capacity seems 
to depend upon the neuiomusculai apparatus, and the efficiency of 
this appaiatus seems to depend upon ceitain growth processes, and 
also upon its inner state, which, in turn, would be expected to vary 
considerably with variations in health, heredity, and emotional state 
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une stupe des differences individuelles dans la 

CAPACITY D’ASSOCIER 
(Resume) 

Dans cette 6tude de la structure de la capacity d'nssocier et des differences 
que l’on y trouve, on a employ^ un simple test de capacity d’aasocicr et 
1'on a essay£ d’exphquer la structure ct les differences individuelles que Ton 
y trouve. 

Dans nne ftude sp£cia\c de la retention des chiffres et des symbolcs dans 
les conditions d'un rappel lent, apr£s que de giandes differences individuelles 
s'Haient etabliea par repetition, les sujets les plus lents sc sont monties aussi 
capables que les plus rapides ri l'igard dit nombre et de I’exactitude des 
6Uments retenna Cela presente nn point tres important dans cette 6tude, 
car lea difFdrencea individuelles dans la capacitc d’associcr semblent ainsi 
n'etre dues ni ?l l’apprentissage ni it la retention selon lem conception ordi¬ 
naire, nuns plutot it ccrtaines diffeiences dans la vitesse du fonctionnemcnt 

Les differences individuelles peisistcnt dans tontes les rcp6titions du test, 
ainsi l'exeicice neriduit ni ne rend nulles diffeiences tiouvees au commence¬ 
ment de I’appreiltissage Plutot, les differences se mainticnnent dans l’exer- 
cice etendu, ce qui montre que la variation entre les individus n’est pus due 
a P experience antetieure 

Les resultnts montrent des degres variants de la capacite d’executei, et 
cette variation est reduite it la stability ou A la capacitc des formes neuro- 
musculaires de supporter la stimulation On a decouveit de giandes differ¬ 
ences de sexe dans cette dtude et I’on croit que la plus grand capacitc des 
filles de faire des substitutions est due a leur plus grande vilcsse de fonction 
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EINE UNTERSU CHUNG INDIVIDUELLER UNTERSCHIEDE IN 
DER ASSOZIATIVEN FaIIIGKEIT 

(Refers t) 

In dieser Unteisuchung der Stiuktur und der individuellen Unterschiede 
der assoziativen Fahigkeit gebrnuchten \vn einen einfachen Test fur die 
a 9 soziative Fahigkeit und vetsuchten die darnit verbundene Stiuktur und 
individuellen Unterschiede ?u erklaren 

In emei besonderen Unteisuchung uber das Behalten von Ziffersymbolen 
unter den Bedingungen eincr Inngsamen Erinneiung, nach dei Eistcllung 
grosser individueller Unterschiede durch Wiedeiholung, fanden \vn, dass 
die langsamsten Versuchspeisonen so leistungsfahig waren wie die schncll- 
sten in Bezug nuf Anzahl und Genauigkcit behaltener Elemente Dies 
stellt einen sehr wichtigen Punkt dieser Unteisuchung dai ; den darnach 
scheinen die individuellen Unterschiede in der assoziativen Fahigkeit nicht 
nuf dem Leinen oder dem Behalten zu beruhen, wie sie gewohnlich ver- 
standen werden, sondern eher auf gewissen Unterschiedcn in der Ge- 
schwindigkeit der Yeruchtung 

Die individuellen Unterschiede bestehen hartnackig clinch nlle Wieder- 
holungen des Tests, Uliung vermindert oder annulheit daher die Unter- 
schiedc inchr, die ain Anfang des Lernprozesses festgcslelit werden Die 
Unterschiede weiden eher durch die ausgeclehnte Obung erhalten, was zeigt, 
dass die Variation unter Inchviduen nicht auf vergangener Eifahrung 
beruht. 

Unseie Ergebnisse zcigcn varierende Giade der Leistungsfahigkeit, und 
diese Variation lasst sich auf die Stabditat oder Ausdauei neuro-muskuloser 
Muster (nemo-muscular patterns), Reize zu ertragen, zuiuckfuhien Wir 
stcllten in diesei Untersuchung grosse Unterschiede zwischen den zwei 
Geschlechtern fest, die giossere Leistungstahigkeit der Mndchcn in der 
Erstellung von Substitutionen beriiht wohl auf iluer giosseren Funktions- 
geschwindigkeit 


Harter 



CASE STUDIES OF MATURE IDENTICAL TWINS* 1 

From the Institute of Child Welfare, University of California 


Harold D Carter 


In the study of twin-sunilauties as an approach to the problem 
of untangling nature and nurture effects, the data obtainable from 
mature identical twins have been almost entirely neglected 2 Much 
argument has taken place concerning the tendency of twins to 
grow more 01 less similai as they glow older, but the studies 
undertaken have been limited largely to school children. Con¬ 
sideration of the underlying aigument suggests that more significant 
data aie to be obtained from the intensive study of pairs of 
mature identical twins Such data aie valuable for study of 
effects of differences m training and experience which continue 
over a period of years The results should be readily intei pret¬ 
able when sufficient case studies have accumulated, as the differ¬ 
ences in environment are often quite distinct and specific as to 
type, but quantitatively different foi vaiious cases, so that com¬ 
parative analysis will ultimately be possible. 

Because one does not know in advance what factors to study, 
and because trends of present-day theoiy give the procedure ample 
justification, tile presentation of detailed data on single pairs seems 
desirable. These intensive semi-clinical studies with small num¬ 
bers of cases can never solve the pioblems completely, but they 
do furnish valuable clues and may serve as a foundation for effi¬ 
cient statistical studies which will enable one to determine the 
facts with gieater precision. 


‘Accepted for publication by Carl Murchison of the Editorial Board 
and received in the Editorial Office, Febnmry 6, 1933 
lr Tlus study was undertaken as part of an intensive research on twins 
which the writer conducted at Stanford University, as Social Science Re¬ 
search Council Fellow Grateful acknowledgment is made to Di Lewis 
M. Terman for helpful ndvice and criticism throughout the course of the 
investigation, The writer is also indebted to Dr II S Conrad, Dr R C 
Tryon, and Dr H. E Jones, who read and criticized the manuscript 
Attention is called to the work of Newman (9-1+) and Muller (7) 
These are studies of mature identical twins who have been reared apart 
This technique is especially valuable, but in view of the fact that such 
cases are comparatively rare there is a very real advantage in making 
use of the additional material to be obtained from study of all available 
pairs of mature fdentical twins 
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With such considerations in mind, intensive data have been 
secured on over 40 pairs of twins, including 10 young and 10 
mature identical pairs It is hoped that an accumulation of this 
type of data will help in the attempt to evaluate the contributions 
of specific types of envu onmental factors. The case hei e re- 
poited, which is the thiid in the senes of mature pahs studied by 
the present investigator, leveals some of the advantages and dis¬ 
advantages of intensive study of matuie identical twins as an 
approach to the study of nature and nurture effects It is an 
account of a pair of twins whose environments have been very 
similar in eaily life, but different during adult life, in spite of 
sepaiation for a period of 20 yeais, and in spite of ceitain very 
distinct differences in environment, the twins show veiy slight 
differences in personality, and have remained remarkably similar 
in mental ability. 

Some of the other mature pairs who have been studied by the 
writei (3) do show consistent differences. Those cases are especi¬ 
ally interesting, but it would be a mistake to considei them of 
any greater theoretical importance The peculiar effectiveness of 
strange phenomena for gaining our inteiest must not blind us to 
the importance of findings which happen to be in line with more 
conservative theory In the present case, there is an environmental 
difference which did not cause the twins to become diffeient — 
and it might have It may be that there are factors working in 
both directions, which balance each other and make the problem 
more complicated than it appears on the surface. Such individual 
case studies as are here presented provide the data to answer cei¬ 
tain questions definitely, and incidentally provide many suggestions 
which need to be verified by further research. 

Case III. Twins L A and D. A 

Twins L A and D A are women, 43 years of age at the time 
of tlie examinations By use of the techniques outlined by Bon- 
nevie (2), Dahlbcig (4), Muller (7), Siemens (17), Newman 
(8), and others, the twins were diagnosed as monozygotic Since 
they are of the extremely similar type, this diagnosis was easy, and 
there can be haidly the slightest doubt of its accuracy However, 
detailed data on physical resemblances arc presented because of 
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the possibility that degiec of physical similarity is indirectly 1 elated 
to development of similarities in pcisonality and achievement. 

Careful examination of photographs of the twins taken at the ages of 
2 3 5 , 12 , 16, and 20 years showed striking sniulaiity at all these 

nges D and L are very much alike, even in comparison with other mono¬ 
zygotic twins At a time shortly before the examiner’s first visit, one of 
D’s young sons (aged 5 years) mistook L for his mother I The twins 
live in small towns, not far apart, and it is a frequent occurrence for 
friends to mistake one for the othei When either twill visits the town 
in which the other hvc 9 , she is likely to he greeted by persons who are 
total strangers to her, but who know her twin, Tabic 1 presents some 
numerical data concerning physical resemblance 


TABLE 1 

Physicai Resfmdmncp of the Twins 




L A 

D A 

Height m inches 


66 7S 

67.00 

Weight in pounds 


200 

180 

Head size a Length 


18,0 cm 

18 0 cm 

b Width 


14 8 cm. 

14 7 cm. 

Eye color 


Brown, very 




dark 

Same 

Hair color, at present 


Gray 

Same 

formerly 


Daik hi own 

Same 

Ear form 


Small, no 




free lobe 

Same 

Strength of grip, 

R 

36 0 kg 

28,7 kg. 

Av of 3 trials 

L, 

31.7 kg 

26.3 kg. 

Speed of tapping, 




Av of 3 trials 

R 

69 0 

68 0 

of 10 sec each 

L 

62 0 

58 5 


The twins can wear each other's shoes, stockings, hats, and gloves L’s 
coats and dresses .are somewhat lnrger at present, although when younger 
there were absolutely no differences 

Their great physical resemblance is indicated by the fact that persons 
seeing them together always guess them to be twins Their friends, rela¬ 
tives, teachers, etc,, and even their own father, could not tell them apart, 
It takes a long time for persons to learn to distinguish them, and some 
have never been able to do so Their fathei once spanked D twice, at 
the flge of 12 , under the impression that he was punishing both twins 
He never tried to learn to distinguish them (according to report;, as he 
felt it made no difference in any way, and he regarded them ns equivalents, 

Asymmetry 

No intensive study of asymmetiy has been made, but some of the infer- 
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mation available contributes to the problem incidentally D states that 
her left eye is better than her right, L reports that both eyes see equally 
well Both twins aie right-handed, .and there is no indication of any 
early tendency for one to be left-handed or ambidextrous. L has a son 
who is left-handed, and 0 hag a son who was a mirror-writer and mirror- 
reader The general indication is one of the same-sided symmetry for 
D and L. 

Finger-Prints 

The finger-prints of the twins were examined, using the techniques out¬ 
lined by Bonnevie (2). Table 2 shows the quantitative values for each 
finger separately 

TABLE 2 

Showing the Similarities and Differences of Quantitative 
Values or Finger-Prints for the Twins 
The raw ndge-counts have been classified according 
to Bonnevie's method (2). 



L 

Right 

A 

Left 

D. A 
Right 

Left 

Thumb 

3 5 

40 

8 0 

3 0 

Forefinger 

40 

2 5 

2 5 

25 

Middle finger 

3 0 

3 5 

4.0 

vO 

Ring finger 

40 

70 

6 5 

70 

Little finger 

3 5 

3.5 

3 5 

3 5 

Total, each hand 

180 

20 5 

24.5 

190 

Total, both hands 

38 

5 

43 5 



From Bonnevie’s Table XXII it appears that the average difference in 
quantitative indices for her IS pans of identical twins was 6 02, and the 
range was from 0 5 to 18 9 Foi liei 16 pairs of fiaternal twins, the 
average difference was 16 09 and the range was from 6 0 to 34 0 
The patterns are of very similai type and design, and the difference in 
total quantitative values here is 5 0, which is about median for identical 
twins Such similarity of ridge-count classification values is rarely found 
in fraternal pairs The piints themselves are presented, in older that 
persons specially interested m these problems may study them in greater 
detail 

Developmental Data 

L was born 16 hours befoie D, and at birth each weighed 5 pounds 
Their mother died soon nftei their birth Both entered school at the 
age of 6 years. At the age of 12 years, both temporarily lost then* hair, 
supposedly as a result of a severe fever Later in life, their hair remained 
the same in color throughout the process of graying L has always been 
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sturdier and more energetic She menstruated fiist nt the age of H or 
12 years, while D did not reach this stage of development till after the 
age of 14 or 15 Since age 20, L has weighed about 20 pounds more, on 
the average, than her twin, 

The following information concerning illnesses was obtained by con* 
ferences with the twins separately, and with then foster mother, and it is 
probably fairly accurate. Both had whooping-cough at the age of 6 
months, and again at 12 years, and D is supposed to have suffeied a 
third attack at the age of 23 Both twins are lcpoitcd as having had 
measles at the some time, on three different occasions, when about 6 or 
8 years of age At the age of 22 they had smallpox, L having a light 
illness which preceded by a short time the more severe attack which D 
had Both had chicken-pox, P having it less severely In their preschool 
years, D had pneumonia twice, and L three times At about the age of 
26 years, V began to develop a goiter, while living in Walla Walla, 
Washington, where it was prevalent, It became very serious, and two 
years later she had the goiter lcmoved, since then she has had n heart 
ailment which has been rather troublesome at times but nt present seems 
to have been oveicome. L has not had any indication of goiter or of 
heart trouble, 

Early Environment 

During early life, the two were togcthci most of the time, when 
separated for a whole day for the first time, at the age of 4 years, 
they cried almost all day. The fiist separation which lasted longer 
than a day was at the age of 20 yeais, when L went away fiom 
home to teach, and was gone for seveial months The twins diessed 
the same till the age of 16, and fiom then on till the time of 
separation they wore clothes of the same pattern but of different 
materials 

Their childhood acquaintances wcie the same, but their close 
friends were not, because their reactions to peisons were different. 
L matuicd earlier and her filends included boys long before D 
was interested in the opposite sex, the two never showed similarity 
in their choices of male companions When young, D sometimes 
acquired a dislike foi the boys who captured het twin's attention 

Schooling 

The twins were together in school for twelve years and took the 
same courses They took music lessons at home (piano and voice) 
together for about 6 years, but L has continued this mtciest in 
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latei life mote than has D Anothei hobby was art, in this they 
had the same courses in the grades and in high school, but since 
that time L has had little formal training, although she has main¬ 
tained her intet est in the subject. D, however, has had two years 
additional ait tunning in a tcatheis college (ic M took all the art 
courses she could get duiing those two years), a summer’s training 
at an ait school, and two moie ycais of training in arts and ciafts 
in another city 

The twins attended giade school in a city of population about 
200,000 and attended high school in a small town After this 
their experiences weie diffeient’ L took tlnee summer sessions 
of teacher-tiainmg in vaiious schools, and taught m elemental y 
school, at fust teaching all eight pnraary grades; D continued with 
the training m art mentioned above. 

Adult Life — The Main Differences 
in Environment 

L was mauied first, at the age of 23 years, and D was mat tied 
five years later Each has thiee children Since her marriage, 
L has lived in a small town m California, and has made only 
occasional short visits in Washington and Oregon L’s husband 
is a technician in photographic art, whose business keeps him largely 
in one locality D mariied a man interested in education as a 
profession, whose work peimits, and lias in the past favoied, a gieat 
deal of tiavel, 

Both twins lived in a city till the age of 16, and the next four 
years lived in a small town. L has continued to live in the small 
town, blit D has moved about, living in a small city one year, a 
larger city one year, and in a difteient state foi two years. Up 
to this time, she, too, had lemained on the Pacific coast. Then 
she went east, and lived m Massachusetts foi nine years, in New 
Yoik foi foui ycais, and, leturmng to the west, lived in Washington 
foi five years, and in a small town in. Califoinia for one year 
She has been in Boston, Philadelphia, Richmond, Chicago, and 
various places m Canada whcie her twin has not been. She has 
visited Banff, Lake Louise, the Grand Canyon, Yellowstone Park, 
and many other places which her twin has not visited. 

L has had about five ycais of full-time teaching experience, and 
at present teaches the first four giades in a school in the small 
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town in winch she lives, in addition to carrying on her duties as 
housewife. D has taught ait at various times, and at picscnt 
teaches art classes two afternoons a week Both twins appear to 
have considerable talent for diawing and painting, but perhaps 
less capacitv for aesthetic judgment than is required for outstand¬ 
ing achievement in art. Although both have won prizes in ait, D 
has devoted more time to it, and has won moic 

L’s teacher'traming and teaching experience are certainly im- 
poitant environmental factois. On the other hand, D’s travels, 
and varied experiences, certainly have occasioned adjustment to a 
variety of situations which L has not had occasion to meet It 
might be expected that such opportunities as D has had would 
favor better adjustment in the life of the individual, and they 
might very well alter development m a number of ways, through 
providing different kinds of stimulation, and indirectly affecting 
drives. Travel has long been considered an important educational 
factor, and the intensive study of cases sucli as this should shed 
some light upon its effects. 

Personality Traits 

Some general facts concerning the twins’ personalities have been 
obtained through observation and through interviews with the 
twins and with their foster mother Accoiding to report, L is 
retiring and lacks a sense of humor, while D is forwaid and has 
an over-abundance of humor. Other persons think that when the 
twins are together they are more at case and more pleasant, L is 
moie jollv, and D is more talkative. The twins state that one 
makes up for the qualities which the other lacks. 

L’s daughter, aged 19, and son, aged 16, could not name any 
differences m personality traits of the twins, even when confronted 
with a long list of specific questions The twins' fostci mother le- 
ports, however, that L has always been the more self-confident and 
aggressive, and that when young she usually took the lead It is 
reported by D that their fostei mothei liked L better, and this 
appears to be true. It is related to the fact that D was less sturdy, 
and her twin was more willing to do various little duties about 
the home when they were young. D was considcied a bit lazy 

At the age of 20 years both weic supposed to go away from 
home to teach, and both had appointments, but D was timid, and 
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shrank from this new adjustment, when the time came, she backed 
out of it entirely. This timidity has disappeared now, perhaps as 
a result of much experience with people, occasioned by her rather 
extensive travels At present, L is the one who feels less confident 
in social gatherings, but the difference is slight. 

L is considered by their foster mother to be more practical, more 
scnous-mmded, and a bettci organizer. An aunt, who knew them 
fiom the time that they were babies, states that L is more practical, 
and D more sentimental. She appeared not to know of any other 
specific personality differences. Her husband (unde to the twins) 
could not answei any of the questions asked, because he nevei had 
been able to tell the Irwins apait 

The fostei mothci, when asked a laige numbci of specific ques¬ 
tions, gave answers winch indicated that the following weie her 
opinions, first, the twins were equally inteiested in school, and 
equally capable; second, L was more sensitive and more easily butt; 
third, L is a moie capable enteitaincr, although less socially in¬ 
clined, less self-assertive in a social situation, and less of a con¬ 
versationalist, fourth, L has usually enjoyed better health, and has 
been more energetic; fifth, L has more initiative, and moie imag¬ 
ination, while D is moie excitable, more gay and lively, and more 
mature in peisonality, sixth, L is more clevei, more interested in 
the home, more self-reliant, more solitary, and more religious. 

Then fostei mothei feels that the twins aie diffeient in a numbei 
of ways now, but only as a result of experience. She cites as a 
mam difference the fact that D is easier to know, happier, and 
less inclined to worry, while L is leserved, perhaps has some un¬ 
happiness which she keeps to herself, and, in general, does not 
confide in persons as readily as does her twin. Expenence has 
changed D’s personality for the better in a number of ways With 
a few minor exceptions, such as L’s supenoi ability in playing the 
piano and reading music, the twins remain, veiy similar in ability 
in spite of differences of experience The examinei feels confidence 
in the foster mother’s statements, and what appear to be minor con¬ 
tradictions arc caused by the smallness of the differences and the 
specificity of the situations to which they apply 


Interests 

Thcie weie nevei any significant difteicnccs in interests, except 
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in their tastes for young men—in which D met with more ap¬ 
proval on the part of the foster mothei 

The twins’ own latings on interests were obtained by having 
them fill out the four-page foldci which was developed by Terman 
(19, pp 363-383) for studying the interests of gifted children. 
The results showed gicat similarity of interests in school subjects, 
Both liked English veiy well, except grammar. History and prac¬ 
tical subjects were liked fairly well, as was science, but both dis¬ 
liked mathematics. At the piesent time, both enjoy reading, and 
prefer especially tiavel, history, poetry, short stoiics, and biography. 
They read the same magazines, including Good Housekeeping J The 
American, and The Ladies Home Journal . 

Their hobbies have always been similar. As children, they made 
similar collections of stamps, pictures, etc They like housework; 
both have won prizes in cookery, and youthful accomplishments in 
making dresses, cooking, diawing, painting, basketry, and various 
forms of handiwork were very similar. L enjoys writing poems, 
but D finds this hard work. As young girls, they were very 
religious, and, as adults, both have been much interested in church 
work. As adolescents, both wanted to be nurses, but their parents 
objected, so they turned then attention to teaching. 

The general similarity of interests which is revealed by answers 
to general questions appears upon more intensive inquiry to extend 
to many details 

Occupational Interests 

Table 3 shows the numerical scores and letter-ratings assigned 
to each for all 23 occupational scales of the Strong Vocational 
Interest Blank (18) Highest ratings were secured on those 
scales which measure inteiest in people primarily 

A substantial body of data in the possession of the writer sup¬ 
ports the conclusion that this test, although devised foi men, has 
considerable validity for measunng the mteiests of women The 
similarity of the twins in inteiest profile is stiiking It is likely 
that the same individual taking the test on two occasions would 
not receive scores any moie similar than these 

Stability and Adjustment 

The Cady modification of the Woodworth Questionnaire, winch 
has been described elsewhere (19, pp 500-505), was administered 



as an individual examination An item analysis of their "diag¬ 
nostic” responses suggests that L is more introverted, less stable, 
and less self-assertive However, L’s total score was 9, and D’s 
was 10, which indicates that both are more than ordinarily stable, 
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feience here discovered, though huge enough to be suggestive, is 
not statistically reliable 

Results of the Watson Test of Fainnindcdncss (20) indicate 
that D is moic prejudiced. The author of this test gives a relia¬ 
bility of the total score of 96, and, in view of this high reliability 
coefficient, it is a fan guess that the obtained diffeicncc is greater 
than its piobable enor, but noims have not yet been obtained 
which enable one to make an exact statistical evaluation of the 
difference. Doth twins appeal to be more picjudiccd than aveiage 
The data of Table 4 shows that, accoiding to results of the 
Bernreuter Personality Inventory (1), D is moie stable, moie self- 
sufficient, more extroveited, and moie dominant, All these differ¬ 
ences, except that in introversion, are statistically significant. 

TABLE 4 


Showing the Results of Measurements or Personality 
Traits or thf Twins 



L A 

D A 

Diff. 

in 

score 

Dili 

P ’ E ^ 

Stanford M-F Test 

—127 3 

— 81 0 

46 3 

172 

Bernreuter Personality Inventory, 





Bt-N scale 

— 23 

—112 

89 

3.21 

B2-S scale 

— 17 

+0 

S7 

3 64 

B3-I scale 

— 24 

— 71 

47 

2,39 

E4-D scale 

— IS 

80 

98 

4 61 

Watson Test of Fairimndedness, 





Total scote 

18+ 

223 

39 


Percentage score 

37.6 

45 6 

80 


Raubenheimcr-Voelker 





Overstatement Test 





a Asserted score 

SI 

43 



b> Actual score 

56 

62 



c. Items wrong, of those 





she claimed to know well 

10 

6 




The last column gives the difference in scores between the twins, divided 
by the probable error of such a difference between individual scores. See 
Table 5 


The scores on the Raubenheimer modification of the Voelker 
Overstatement Test (19, pp. 489-490) indicate that both tend to 
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undeastate theii amount of information, but that L understated 
less than D. Data for interpreting the results of this test with 
greater exactness will be published at a later date. 

Accuracy or Measurements 

In ordei to make the data moie readily inteipietable, whcievcr 
possible the writer has calculated fci each test its probable eiror 
of measmement The statistical procedures involved are described 
by Kelley (6). The calculations are for the most pait based on 
very small samplings (the wiitei’s own test data), but they are 
the best statistics available at present for interpictation of the 
differences found. These data are given in Table 5 


TABLE 5 

Showing the Standard Deviation or Scores, the Reliability Coeffi¬ 
cient, THE PROBARLE ERROR OF MEASUREMENT, AND THE PROBABLE ERROR 
Or A DirFERENCF DKrWCEN SCORES, FOR A NUMDLR. 01 THE TESTS 
Used in the Twin Study 


The first column gives the number of cases m each group, 





Rel 




N 

S D 

coeff 


P.E D 

Stanford M-F Test* 

Bernreuter Peisonality Inventory, 

59 

60 30 

78 

19 07 

26 95 

Bl-N scale* 

107 

83 69 

88 

19 55 

27 64 

B2-S scale* 

107 

42 38 

85 

11 07 

15 65 

B3“I scale* 

107 

53 26 

85 

13 91 

19 67 

B4-D scale* 

Meicr-Seashore Art Judgment 

107 

6+ 29 

88 

15 02 

21 24 

Test 

83 

10 76 

75 

3 63 

5 13 

Willoughby Intelligence Test 
Battery, total scoie 

Terman Group Test, Form A, 

90 

72 96 

94 

11 75 

16 61 

total raw score 

82 

37 86 

95 

5.71 

8 07 

Stanford Achievement Test, 
total raw score 

Vocabulaiy Tests A and B, 

88 

133 64 

>96 

17 55 

24 84 

Av of the two scoies* 

Otis Higher Examination, 

123 

IS 60 

96 

2 51 

3 55 

Form Af 

253 



2 62 

3 70 


* For the M-F test, the Bernreuter Personality Inventoiy, and the 
Vocabulaiy Tests A and B, these statistics are based upon gioupa con¬ 
sisting of female subjects only, 

\ Foi the Otis test, the probable error of measurement is given by the 
author, nnd has been taken from the manual (IS) 
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The data of Table 5 are preliminary; the wiitcr is attempting 
at the picsent time to secure additional data in order that these 
figures may be leplaced by moie accuiatc determinations Hence 
the data of Table 5 are not recommended for gcneial use. 

Differences in Ability 

Table 6 shows the semes of the twins on the various ability 
tests, and an evaluation of the differences found, which is based 
on the data of Table 5. The differences favor L in the majority 

TABLE 6 

Showing the Scores of the Twins on Several Tests of Intelligence 
and Achievement, the Differences between Their Scores, and 
A Statistical Evaluation or Those Differences 



L A 

D A 

Diff 

ill 

scores 

IB If 

'Willoughby Battery, total raw 
score on ll tests 

395 

376 

19 0 

114 

Terman Group Test, Form A, 
total raw score 

179 

179 

00 

00 

Otis Higher Examination, 

Form A, total score 

53 

48 

5,0 

135 

Stanford Achievement Test, 

Form V, total raw score 
Vocabulary Tests A and B, 
av of the iaw scores 

1160 

1175 

15 0 

60 

106 

106 5 

5 

1+ 

Vocal), Test M (very haid), 
total raw score* 

96 

95 

1.0 


Meier-Seashore Art Judgment 

Test, raw score 

93 

9+ 

1 0 

19 


* The probable error of measurement has not yet been obtained for 
Vocabulary Test M, but it is obvious that this difference is insignificant 
because the probable error of measurement will not be less than two or 
three points at least 

of instances, hut none of them is significant. It might be that a 
sufficiently reliable battery of tests would reveal a consistent slight 
superiority on the pait of L, but it is not very likely. These 
measurements are sufficient to show that theic are no differences 
of any practical significance. The results of the Stanfoid Achieve¬ 
ment Test are interesting in view of the fact that this test meas¬ 
ures infoimation taught in the first nine giadcs of school; L lias 
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taught all of the first eight grades and is at present teaching the 
first four grades, which makes the slight difference in favor of 
her twin seem rather surprising Anothei interesting fact is that 
D, who has had much more training in art, does not show any 
significant supeiiority on the Art Judgment Test 

Superiority of the Twins 

Indications of the level of ability of the twins, as compared with 
the population at large, aie furnished by the data of Table 7 

TABLE 7 


COMPARING THE SCORES OF THE TWINS ON THESE TESTS WITH THF 
Available Norms 



L A. 

D. A 

Bernreuter Personality Inventoiy 



peicentile scoies 



Bl-N 

52 

17 

B2-S 

38 

74 

B3-I 

44 

10 

B4-D 

28 

83 

Willoughby Battery, standard 
scoies* 

Terman Group Test, Form A, 

1 57 

1 26 

mental age equivalent 

18-0 

18-0 

IQ (uncorrected) 

Otis Higher Examination, 

IQ (30-min time limit) 

112 5 

1125 

111 

106 

IQ (20-min time limit) 

Stanford Achievement Test, 

114 

108 

educational age 

Art Judgment Te9t, peicentile 

IS-2 

18-5 

score, using adult not ms 

Vocabulary Tests A and B, 

41 

45 

standard scoies 

0 72 

0 75 


^For the Willoughby Battery, Pi ice (16) has shown that the mean 
score is 101 3 and the standaid deviation is 33 0 points, using total weighted 
scores of 105 adult women Following his procedure in weighting, the 
scores were 153 and 143 for L and D, respectively. 


The difficulties in deteimining the level of ability in relation to 
that of a landom sampling of adults are occasioned by the fact 
that none of out tests has been standaidized on such random adult 
populations Then scoies on the Willoughby Battery indicate 
that the twins are considerably more than a standard deviation 





170 


HAROLD D CARTER 


above the mean for a group of adult women who were somewhat 
selected (see 16 and 21). The unconected Teiman Group Test 
IQ's are about a standard deviation above the mean, but correc¬ 
tion for age would inciease then superionty. The twins are about 
tlnee-quarteis of a standard deviation above the mean for college 
freshmen in Vocabulary Tests A and B, which weve taken from 
the University of Minnesota College Aptitude Tests 
Most of the pairs of identical twins reared apait who have been 
studied have been of lower intellectual level. For Newman’s six 
pairs (9-14) the average Stanfoid-Binet IQ was 91 4, with a range 
fiom 65 to 106, the average IQ fiorn the Otis test (according to 
the writer's calculations based on the law scoies furnished by New¬ 
man) was 87 75, with a range from 69 to 99, the average Stanfoid 
Achievement Test educational age was 14-1, with a imigc from 
12-7 to 17-3. That is, not one of those pairs is of an intellectual 
level equal to that of the twins in the present study. This is 
probably chaiacteustic of twins 1 eared apait. When twins are 
reared apart, it is usually because of necessity, and theicfare they 
are likely to come fiom tile lower economic and social levels. 
Studies of such cases will probably not include evidence on the 
effects of all types of environmental factors, neither arc they 
likely to show the effects of cnvnonmcntal influences upon intelli¬ 
gence and achievement at all intellectual levels It will no doubt 
be easier to secure a random sampling of ordinary matuie identical 
twins than of identical twins rcaied apart. These considerations 
lead us to believe that more studies should be made of such pairs 
of mature twins as are here studied, as well as of twins reared 
apart. 

Summary 

A pair of monozygotic twins, women aged 43 years, were studied 
intensively, by use of standard tests, observation, and interviews. 
Among identical twins, these would appear much moie similai 
physically than the average They had very similar envuonments 
in eatly life, but as adults, foi appioximatcly 20 ycais, have had 
environments which were considerably different in a numbei of 
ways, D has traveled a great deal, and has lived in cities in various 
parts of the United States, while her twin has remained in a small 
town D’s training has emphasized arts and crafts, in which she 
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has had several years of foimal training, while her twin has merely 
maintained an incidental interest in art L, who has lived in a 
small town, has done quite a bit of teaching m the elementary 
grades, while her twin has taught only art 
A few slight diffeiences in personality traits aie found; some of 
these are apparently explainable in terms of the environmental 
differences discoveicd, others, which seem to date back to eaily 
life, are not A measure of aesthetic judgment showed no differ¬ 
ence Tests of intelligence revealed a striking similanty of scoies, 
and scores of the two were extiemely similai on a standard test 
for achievement in subjects taught in the elcmcntaiy grades Con¬ 
siderable accuracy may be attributed to the findings concerning 
intelligence and achievement, because of the use of highly reliable 
standaid tests, and because testing was done lcpeatedly, giving 
ample opportunity foi the discovery of any differences which would 
be significant though small As a lurthei lefinement of technique, 
the differences found were evaluated in terms of the piobable 
on or of measurement, computed by the wntei foi eacli of the tests 
for which the necessaiy data were available, The personality 
tiaits of the twins show some diffeiences, but even heic, geneially 
speaking, the moie notewoithy fact is the high degree of similarity. 
Even the intei csts of the twins as measured by standard inventories 
appear to have lemained very similar in spite of the sepaiation and 
differences of expenence which have continued over a pciiod of 
20 vears. To sum up, the Jesuits of intensive study have shown 
that the twins remained essentially vei y similar in spite of diffeient 
exfei tences. 

Conclusions and Suggestions 

It is inevitable, at the present state of oui knowledge, that single 
case studies should yield suggestions more oflcn than final conclu¬ 
sions Howevei, leview of this and of other similai cases (3) 
allows one to diaw the following conclusions tentatively 

1. Intensive studies of oidinarv pairs of mature twins offer 
good material for the study of effects of environmental differences 
upon mental and physical tiaits 

2 Studies of oidinaiy imatuic twins and of twins leaied apart 
are supplementaiy Ordinary matuie twins usually have had simi¬ 
lar eaily enviionments, but have different environments as adults 
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3. By comparing case Studies of younger and older pairs, sig¬ 
nificant data may be obtained, bearing on the old argument con¬ 
cerning the tendency of twins to grow more or less similar as they 
grow older The present lack of interpietable data bearing on this 
argument may be largely attributed to the fact that studies under¬ 
taken in the past liave been limited for the most pait to school 
children 

4 In individual case studies of twins, it is desirable to use 
reliable standard tests, and to attempt evaluation of any obtained 
differences, in terms of the accuracy of the measunng instruments. 

5 The few case studies so far made show that consistent dif¬ 
ferences in mental ability arc sometimes found in pairs of twins 
reaied together The explanation of such differences must wait 
until much moie data have been accumulated. 

6 The writer^ case studies suggest that the differences which 
are sometimes found between pairs of mature twins are not ade¬ 
quately explained in terms of the obvious type of environmental 
differences ordinarily considered, but that their causation is very 
complicated It is suggested that intensive study of conditions 
underlying motivation tn individual cases may yield impoitant 
results. 
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ETUDES DES CAS DES JUMEAUX IDENTIQUES D’AGE MOR 

(Rdsume) 

On discute les avaiitages pratiques et theoiiques des etudes intensive 1 ! 
des cas de jumeanx identiques d’age mui , pom I’ctutle de la nature et de 
(’education, de telles donnees presentent des nvantages impoitants, jnais 
compiennent ccitames difHcuItes inheientcs On donne un rapport du 
troisi£me cas d’une s6ne, une pairc dc jumelles mono7ygotes, agecs de 43 
ans. Malgre leur sepaiation et des differences distinctcs de milieu pendant 
20 am de vie adulte, ces jumelles sont restees essentieUemcnt semblablcs & 
l’dgard de capacite, d’mtdrcls, et de personnalite II a evistd unc difference 
physique importante pendant des ann6c9, puisque I’uiic des jumelles a sevtre- 
ment souffert d’un goitie exophthalmic] ue, atcompagne d’une maladie de 
coeur tris seneuse, 

L’nnnlyse de cette etude et des etudes anterieiues monti c quM faut 
^valuer ayec grand soin les diffeiences ohtenues dans les reaultats des tests 
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mentaux Pour ameiiorer la technique on suggcre que Ton evalue statia- 
tiquement lea differences obtenues cntic les paircs, cn termea de Perrcur 
probable de rnesure II eat Evident qu’il fruit employer bcaucoup de precau¬ 
tion quand on cxplique les difftfiences obtenues Dims quclquea cas 1’auteur 
a trouve des differences constantes de capacite mentale chcz des Jnmcaux 
identiques Quand on trouve de telles differences, il scmblc qu'on ne puisse 
les exphquer d’une fagon satisfaisantc cn teirnca du type evident des 
fdeteurs du milieu ordinnuement consider, an contranc, la causation de 
telles differences semble etre tres complete, Les rcsultats imliquctit qn'unc 
6tude intensive des conditions qui se trouvent h la base des mobiles peut 
donner des reaultats importants. 

Carter 


UNTERSUCHUNGEN EINZELNER FALLE VON ERWACHSENEN 
EINEIIGEN ZWILUNGEN 

(Rcferat) 

Die Arbeit diskutiert die praktiseben und theoretisclicn Vortcilc, die eine 
intensive TJnteisucliung einzclncr Falle von ciwachscnen, einctigcn Zvvill- 
ingen oufweist; solche Angaben bieten wichtige Vortcile dai fui das 
Studmm der Natur und Erzichung, sie sebliessen abei aueb gcwisse von 
Natur zugehonge Sclnvierigkciten ein Man berichtet darin nbci den 
dritten Fall emer Seric, ein Paar eineiigc, 43 Jahrc alte Zwillingsfrauen, 
Trotz ihrer Trennung und deutlicher Untciscbicde ihrcr Milieus auf die 
Dauer von 20 Jahren ilircs erwacbsenen Lcbens bliebcn sie sich im Wnscnt- 
lichen ahnlich in Fnhigkeiten, Intercssen und Pcisonlichkeit Man beo- 
bnchtete einen wichtigen physiologischen Unterschied wahrend eincs Zeitab- 
schnitts von etlichen Jahren, einc dcr Zwdlingsschwestcin battc cinen 
schweren exophtnlmischen Kropf, dei von Hcrziciden sehr cinsthafter 
Natur begleitet wa r 

Die Betrachtung dieser und fiithcrcr Fnlle zeigt, dass nian in dei Wer- 
tung der beobachteten Unteischicdc in den Ergebnisscn von psychologiscben 
Testen sorgfaltig sein muss. Um eine Verbesseruiig dei Tcchnik zu erzielen, 
schlagt dcr Autoi vor, dass die beobaebteten Untciscbicde lnncrbalb eines 
Paares statistisch verwertet werden, und zwar nach Fthlcrquellcn dcr 
Mcssungen. Es gibt sich ferner, dass man crhnltenc Unterschiede auch 
sorgfaltig erklaren muss In einigcn Fallen lint dcr Autor bestandige 
Unterschiede untcr den Geistesfahigkeiten emenger Zvvillinge gefunden 
Wo solche Unterschiede gefunden wurden, schemcn sie riiclit hmieichend 
erWart l\i v/erden durch den anffalligen Typos dcr Umgtbungsfaktorc.n, 
die geivolmlich m Betracht gezogen werden, stalL dessen scheint die Vcrur- 
aachung solclier Unterschiede sehr homplex zu sein Die Ergebmsse zeigen, 
dass^ intensive Untersvjchimgen der Bedingungen der zugnmdc Legend cn 
Motivierung wicbtige Ergebnisse aufweisen durfte 


Carter 



THE VOCATIONAL ATTITUDES OF BOYS AND 
GIRLS OF HIGH-SCHOOL AGE* 

From the Department of Psychology of Columbia University 


E B Hurlock and C Jansing 1 


During the period of economic stress facing the entiie world at 
the present time, gieater attention than ever before is being given 
to the vocational guidance of adolescent boys and girls in the Amer¬ 
ican high schools. It is quite necessaiy that both boys and girls 
be tiamcd for and led into the vocations for which they aie fitted 
if they are to be satisfied and happy in their future work, and if 
a better balance in the economic world is to be established Because 
of the present interest in this subject, a study of vocational attitudes 
of typical Amciican boys and girls of the high-school age is both 
timelv and important It is hoped that the study reported herewith 
will throw some light on a fuithei understanding of this problem. 

Historical Survey 

A summary of studies and discussions of vocational interests may 
be divided into two paits, (a) theoietical studies and ( b ) experi¬ 
mental studies 

a Theoretical Studies. Dewey (12), in a discussion of voca¬ 
tions, brings out that “the discoveiy of capacity and aptitude will 
be a constant piocess as long as giowth continues One lias 

discovered in himself, say, an inteiest, intellectual and social, in 
the things which have to do with engineeimg and has decided to 
make that his calling At most, this only blocks out m outline the 
field in which fuithei growth is to be direct It is a sort of lough 
sketch map foi use m direction of fuither activities" 

Brill (8) has made the following statements concerning the prob¬ 
lem of vocational selection “The average peison seems to consider 
the selection of a vocation accidental 01 at least something that is 

*Accepted for publication by Carl Murchison of the Editorial Board 
and lcceived in the Editonal Office, February 8, 1933 

The senior author supeiviscd the study reported in this paper, prepared 
the paper for publication, and supplemented the histoncal background, the 
junior author earned out the experiment and recorded the data 
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quite impersonal. He usually assumes that given certain qualifica¬ 
tions, physical or mental, or both, a pci son couLd undertake any 
kind of -work or vocation . . Investigation shows that the nor¬ 
mal individual needs no advice or suggestion in the selection of a 
vocation, he usually senses best what activity to follow, and, what 
is moie, he is invariably haimcd if advice is tluust upon him by 
a pei son of authority. . . . When wc ask a person why lie follows 
a ceitain vocation lie usually answeis that lie docs not know, that 
he just drifted into it accidentally. Occasionally he answers that 
his grandfather and his father performed the same line of woik 
and that he followed it. On applying the psychoanalytic method, 
however, one usually finds some hidden 1 casons foi the paiticular 
activity. . The motives which actuate one to take up a ceitain 
vocation vaiy with the pci son, that is, evciy vocation is individually 
determined ” 

Gieen (16), in an analysis of the eaily choices of professions by 
children and adolescents, traces the theme of domination and dis¬ 
play. As the child is dominated by the adults about him, he con¬ 
sequently comes to icgaid giowing-up as the necessary picliminary 
to domination on his own account The child is most stiongly 
attracted to the people he sees displaying themselves in dominating 
other people, animals, and big things L. S Hollingwoith (19) 
found that adolescents of supenoi ability arc keenly inter csted in 
the question of how they may find work which they can enjoy 
b Experimental Studies As early as 1896, Eail Barnes (1, 
2, 3) had started a compiehensive study of children’s ambitions and 
attitudes toward future occupations. He concluded from lus study 
that there is something permanently significant in children’s ambi¬ 
tions, that girls’ reasons for choice of vocation ate lia»y> that country 
children are far more concerned with their future work than ate 
city children, and that class distinctions deteunme the child’s attitude 
toward difteient types of woik In liis "Studies in Education,” 
Barnes includes the reseatches of Young (28, 29) and Willard 
(26), The former, in her study of two groups of London children, 
found that, regardless of intelligence lating, the majonty of gnls 
wish to find work that offers moie than meie industiial opportunity 
Willard's study of types of work selected levcaled that at each age 
boys choose a fai greater vancty of vocations than gnls 
Several years latci, in 1901, Wykoff (27) questioned children 
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of ages 5-16 years concerning then ambitions, and their reasons 
for these. The occupations listed were many and varied Cham¬ 
bers’ (10) study of children’s ideals brought out the fact that 
guls are moie philanthropic than boys In so far as the boys’ 
figuies showed any definite tendency, it is towaid an increase in 
altruistic motives with inciease in age An mteiesting point made 
by Branded (7) in his study of children’s ideals was that Swedish 
children place intellectual and aitistic qualities higher than do Eng¬ 
lish, Prussian, and Aimeman chikhen In selecting their ideals 
and the people they would like to lesemblc, they do not consider 
money, social position, honoi, and fame. 

Poull (23) made a study of the relationship between intelligence 
and the child's choice of vocation in the case of 658 guls and 548 
boys of the working class in New Yoik City She found that in 
any occupation or group of sinnlai occupations a large lange of 
intelligence levels existed which indicated that the child’s interest, 
rathei than his intelligence, was lesponsible for determining his 
choice of vocation Such occupations as automobile mechanic, 
engineer, electrician, doctor, actoi, chauffeui, and artist were most 
often chosen by the boys, while diessmaker, actiess, stenographer, 
teachei, artist, bookkeeper, and secietaiy weie selected by the girls. 

To deteiminc the pennanency of inteiests, Poull checked up on 
the questionnanes fiom one to six months latci She found that 
in the case of the first and second choices of occupation 66 7% 
of persistent choices occurred in both instances, while in the third 
choice the persistence was found in only 33.3% of the cases 

Occupational inteiests of pie-lngh-school children wcie studied 
by Tciman (25) in the case of a group of gifted children and a 
group of aveiage children selected as a contiol The gifted chil- 
dicn showed a gieatci piefeience for such occupations as public 
seivice, professional caieeis (especially the boys), artistic, semi- 
pi ofessional, and agnculture (slightly) In the contiol group, the 
gi eater pieference was for mechanical, transpoitation, athletic, and 
clerical work In commercial occupations and social work, the 
two groups showed little diffeience in pieference 

In the choice of occupations, gifted bovs selected occupations which 
had the intellectual difficulties of such woik as high-school teaching, 
industrial chemist*y, oi preaching, while the boys m the contiol 
group selected occupations demanding the intellectual status of a 
nurse, chef, or landscape gardener 
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When the occupational ulcals of the children were studied in 
comparison with the occupations of the paients, theie was found 
to be less distance between the occupational ambitions of the child 
and the occupational status of the father than was tiue of children 
of the contiol group where the occupational ambitions were extuva- 
gant in compaiison to the intelligence level of the children The 
only sex difference worthy of note was that the occupational ambi¬ 
tions of gifted boys rated somewhat higher than those of gifted 
girls. 

Beeson and Tope (5) were inteiested m discovering to what 
extent high-school pupils have made vocational choices, to what 
extent these followed the occupations of the patents, and what 
high-school influences have been most powciful in determining their 
prefeiences. Two thousand high-school students indicated their 
preferences on a questionnaire. The first five piefcienccs foi the 
boys were as follows. 


Engineering 

25 % 

(Undecided) 

(19 %) 

Agriculture 

16 % 

Mechanics 

7 % 

Salesmanship 

6 % 

Medicine and dentistry 

5.7% 


For girls the first five pieferences weic entirely different fiom 
those for the boys. They were as follows* 


Teaching 

21.6% 

Clerical 

214% 

Nursing 

12 8% 

(Undecided) 

(12 3%) 

Music 

6 6% 

Commercial art 

4 2% 


In determining the influences responsible for these choices, the 
authors found that that of the paients was most important in the 
case of both boys and girls. The second and third factois of 
importance in determining the selection, especially in the case of 
the girls, proved to be the teacher 

Bedford (4), in a study of the vocational interests of 1211 rural 
high-school students, found that professions weie selected by the 
largest percentage of the group, 42 4%, followed by clerical occu¬ 
pations, 17 8%, manufactuiing and mechanical mdustiy, 10 0%, 
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and trade, 8 8% Only 58% of the 88% of the students who had 
definitely chosen a vocation professed to know the prepaiation re¬ 
quired for it. The reasons given for the choice were inteiest in 
the work, belief in peisonal qualifications, advice of parents, teachers, 
and filends, and success of others. In most instances, the favorite 
school subject or lecieational intei est was found to be definitely 
related to the vocation chosen 

Schiller (24) distributed questionnaires concerning vocational in¬ 
tei csts to 2026 elemcntaiy children in thiee diffeicnt envuonmental 
districts in New York City "c environment,” a poor distnct made 
up of unskilled, semi-skilled, and skilled laboreis, "b environment,” 
a distnct of business and professional men, and “a environment,” 
a district of more highly educated business and professional men 
Such questions as “what do you want to be when you grow up?” 
“do you know anybody who is tliat ? ” and “if you can’t be that, 
what do you want to be instead?” were asked. 

The findings from this study were very inteiesting. The boys 
of the “c environment” showed a preference for the semi-skilled, 
skilled, and unskilled forms of wotk, while those in the “a” and 
“b environments” piefened woik that can be classified as pio- 
fessional or business owning and managing. Gills in the “a” and 
“b cnviionmcnts” likewise showed a pieference for piofessional 
vocations, while those in the “c environment” preferied a vanety 
of skilled labeling positions. 

Increase in age biought about fluctuations in vocational piefer- 
cnces In the case of boys, civil and military seivice declined in 
atti activeness, while interest in professional vocations mci eased 
with age In all of the envnonments, inciease in age bi ought 
about an increase in interest in clcik and sales vocations for the 
girls, and a decicase in interest in teaching, especially among the 
gills of the “a” and “c envnonments.” In the “a” and “b environ¬ 
ments,” both boys and gills showed a picfeience for the father’s 
vocational classification, while in the case of the child]en of the “c 
environment” the fathei's vocation was the child’s second choice. 

Intelligence proved to have a pi enounced influence on the choice 
of vocations As intelligence decreased, intei est in the piofessions 
decreased and interest in skilled laboi mci eased. Fiiends and neigh¬ 
bor were found to be most influential m the child’s choice of 
vocation, while celebrities wcie the least influential Parents in¬ 
crease in influence as the envnonment improves 
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How permanent a chiles vocational interests are has been studied 
by Franklin (13) in the case of 1600 high-school students. An 
original questionnaire, followed by tlnee successive questionnaires, 
the last of which was given a year after the first, show a perma¬ 
nence of interests ranging from 45 to 67% for the boys and 64 
to 75% for the girls. The activities of the child's summer vaca¬ 
tion tended more toward fixating than toward changing the child's 
interests 

Holmes (20) studied 300 Negro children living in the Hailem 
district of New Yoik City to determine their vocational interests 
These children had a median age of 13 years He found that over 
half of the boys planned to enter the professions, while almost none 
intended to be unskilled laborers. 

In a study of the occupational interests of 1200 children between 
the ages of 8 and 18 years in Soviet Russia, Borisov (6) found 
that 43% of the older boys and 20% of the younger boys wanted 
to be technicians. Girls showed a greater interest m teaching and 
m literary occupations The occupations of the paients proved 
to be more influential in the young child's choice than in the case 
of the older children. Active children showed a preference for 
active occupations, while slow children generally selected their par¬ 
ents’ occupations and had a smallci range of choices This was 
true also of children of less ability. 

One hundred and si\ty-nine elcmcntary-school children were ques¬ 
tioned by Busemann (9) about their choice of future occupation. 
Of this number only 18 chose their fathers* professions, while 29 
chose professions of a distinctly highei social status than that of 
their fathers. The size of the family from which the child came 
seemed to influence his choice of piofession. Of those choosing the 
higher-ranking professions, 56% came fiom families with moie than 
two children, as contrasted with 22% of those choosing their fathers’ 
professions The presence of brothers and sisters thus seemed to 
act as an incentive to ambition 

Lehman and Witty (21) found that with the onset of pubes¬ 
cence a marked change in vocational attitudes takes place, especially 
toward ceitain lines of work. It is difficult to show that the onset 
of pubescence is a cause of the modified attitude. The maturation 
of vocational attitudes is undoubtedly influenced by the attitudes 
of adults who live in the communities studied Clark and Withers 
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(11), from their survey of vocational attitudes, have shown that 
occupational interests are laigcly determined by the gcncial social 
environment, and that our policy of occupational guidance must 
be built to a large extent upon general social and economic needs. 

Purpose of Experiment 

In making this study, the following points were considered 

1 Does race or cnvuonment affect the child’s choice of vocation? 

2. What dominant motives prompt the choice? 

3 Does the child reason about his aptitude for the vocation 
chosen, or his ability to attain his desne? 

4 If he feels that he is not able to attain his choice of vocation, 
what reason does he give foi this inability? 

5 To what extent aie patents mteiested in the child’s choice ? 

6 If the paient does not agiee with the child’s selection, what 
icason is given for the difference? 

7. Does a boy choose the same vocation as that followed by his 
parent? 

Method 

This study was earned out by the use of the following question- 
nane, given, without comment, to the pupils of various schools 

Questionnaire 

1. What vocation oi profession would you like most to follow? Give 
reason for your choice, 

2 What vocation or profession aie you most likely to follow? Explain 
why you expect to follow it 

3 What vocation oi piofession do youi parents want you to follow'? 
Why? 

Name, age, fathei’s vocation and mothei’s vocation 

The teacher was requested to late each pupil’s scholastic ability 
by the use of the glades excellent, good, fair, and pooi. Excellent 
was considered above aveiagc, good and fair, average; and poor, 
below average It should be noted that in question 2, part 2, in 
practically every case, the pupil explained why he could not follow 
bis first choice, 

Subjects 

Table 1 gives the numbei and tvpe of pupils considered, the ages 
from 14 to 16 ycais, inclusive The types aie representative of 
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American school children All the Ametican children aie in Ken¬ 
tucky schools, and those of foieign parentage are in New York 
City schools, 

TABLE 1 

Tvph and Numbers or Boys and Gnus Included in Study of 
Vocational Attitudes 

Ages 1+ -18 


Negro 

Boys 

(middle social class) 


236 

"Technical 


60 


Technical 

(foreign parentage) 

class) 

44 

Wliite 

Academic 

(upper nnd middle social 

+3 

Academic 

(foreign paientagc) 


32 


[ Country 



32 




Total 

4+7 

Negro 

Girls 



3S9 

Academic 

(uppei social class) 


105 


Academic 

(middle and lowei social 

class) 

102 

White • 

Academic 

(foreign paientage) 


41 


Country 



43 


.Tiade 



35 




Total 

685 



Grand total 

1132 


Results 


The boys' choices of vocations, listed in Tabic 2, arc worked out 
on a percentage basis for each group When the results aie aver¬ 
aged, engineering rates as the highest choice of all the boys, but 
is first only with technical students of American paientagc and 
academic students of foreign parentage With technical students 
of foreign parentage, aviation Stands first and engineering second. 
Hattie Willard (26) found that foiemost with boys is engineenng, 
which leads at 10, 12, 13, and 16 ycais, and that in almost eveiy 
instance this choice is made independently of the patent’s occupa¬ 
tion, Attention is called to a few outstanding exceptions in selec¬ 
tions The high percentage of country boys who chose athletics 
(teaching, coaching, oi piofcssional play) is perhaps explained by 
the emphasis on that phase of extra-cuiiiculurn activities 
However, it is encoui aging to find the next highest choice is that 
of fanning. The great interest in aviation evinced by the foieign 
technical students is due to that line’s captivation of the imagination, 
Clark and Withers (ll) show that theie are waves of occupational 
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mteicst and that the so-called interest in probably in large measure 
a reflection of the dominant social situation With the exception 
of the Negio hoys, aviation holds the inteiest of many because it 
appeals to the love of adventure, Travel and adventure were 
mentioned in two cases only by the Negroes, who stressed security 
and altiuism in then 1 casons of choice The great number of 
Negioes who chose teaching is lather suiprising until the leasons 
are considered. These aie a desire to advance themselves socially 
and to get good pay foi easier and cleaner work than that of their 
parents. 

Civil seivice comes next, because of secunty, pay, and social stand¬ 
ing Clark and Witheis (11) found that the people in all the 
countnes studied are interested in the more luciative occupations 
or those which have social prestige and pleasant working conditions 
Undertaking was chosen by the Negroes only. Music was selected 
almost entnely by foreign and coloied boys, and was the choice of 
only one American white boy. In this selection, heredity and back- 
giound play a large pait Quite as natuially, the American academic 
student chose business fust and then the professions. The only 
students who failed to make a choice were of the academic schools 

In the same way the gills’ selections are studied in Table 3. 
These lesults, averaged, put teaching first because of the high per¬ 
centage of country and Negro girls who made this choice. Teaching 
leads at every age except 13 and 14 according to Willard’s results 
(26). Commercial work was selected by the greatest numbei of 
academic and trade-school students as the result of training offered 
in the school attended. Nuising was second highest among countiy 
girls, but had little appeal foi the others. Of the enormous per¬ 
centage of Negio gnls who want to teach, 81 63% of them express 
the expectation of realizing their ambition, although only a small 
numbei will be able to do so This state of affaus indicates a 
need for guidance into other fields, as well as for an honest ap¬ 
praisal of ability. This serves to illustrate the statement of Clark 
and Withers (11) that occupational guidance must be built to a 
substantial degree upon general social and economic needs Many 
Negro girls selected teaching for the same reasons as the boys, with 
the additional motive of love of childien Green (16) discredits 
the altiuistic motive in the selection of teaching by saying that the 
desire to become a teacher, like "playing school,” is no more than 
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TABLE 2 


Vocations in the Order of Tuft* ScircriON by Boys and a Comparison 
of Choices of Each Group nv Mlans or Percentages Based 
on the Totai Number in the Group 



Negro 

Tech¬ 

nical 

(middle 

social 

class) 

Tech¬ 

nical 

(foreign 

parent¬ 

age) 

Aca¬ 

demic 

(upper 

and 

middle 

social 

class) 

Aca¬ 

demic 

(foreign 

parent¬ 

age) 

Country 

No of boys 







questioned 

236 

60 

44 

43 

32 

32 


% 

% 

% 

% 

% 

°Jo 

Engineer 

3 98 

26 66 

27 27 

11 62 

25 

9 27 

Teacher 

22 12 

3 03 

4 54 


6 25 

3 12 

Business 

5 7 S 

8 33 


16 27 

3 12 

6 25 

Civil service 

14 6 

1 66 



3 12 

3 12 

Aviator 

2 65 

10 0 

+3.IE 

6.99 

12 5 

12 5 

Doctor 

6 63 

3 03 


13 95 

9 37 

6 25 

Machinist 

10 16 

so 

9 09 


6 25 

9 37 

Musician 

7 52 


2 27 

2,32 

9 37 


Scientist 

53 

6 66 


6,99 

3 12 


Lawyer 

4,42 

50 


11 62 


3 12 

Professional 







athlete or 







coach 

3 98 





1875 

Architect 

2 21 

50 

4 54 




Carpenter 

3 09 


+ 54 


3 12 


Artist 


6,66 


2 32 

6 25 


Writer 

1 32 



9,3 

3 12 

3 12 

Printer 

88 

13 33 





Undertaker 

3 53 






Parmer 




2 32 


15 62 

No choice 




6 99 

3.12 



an expression of the wish to dominate others The selection of 
teaching by both sexes of the Negio race shows a stuving for better 
things and brings out the fact that the field of intellectual vocations 
is limited for them, As would be expected, academic gills of the 
upper social types are the only ones who made no choice of voca¬ 
tion. Music was selected by the foreign and Negro groups because 
of their inherent love of it, and by the uppei social gioup laigely 
because of their cultural opportunities 
All the leasons for selections have been calculated iirespective of 
the class of students, as it was found, when comparing gioups, that 
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TABLE 3 

Vocations in the Order or Their Selection dy Girls and a Comparison 
of Choices or Each Group by Means or Percentages Based 
on the Total Numder in Each Group 



Aca- 



demic 


Aca- 

(middle 

Aca- 

demic 

and 

demic 

(upper 

loyyei 

(foreign 

social 

social 

parent- 

class) 

class) 

age) Countty Trade 


No of gills 
questioned 

3S9 

105 

102 

41 

43 

35 


°/o 

% 

°(° 

% 

% 

7c 

Teacher 

66 01 

17 14 

147 

19 51 

32 55 

285 

Business 







woman 

9 19 

22 8 5 

32 35 

29 26 

23 25 

74 28 

Nurse 

6 96 

95 

12 74 

7 31 

27 9 

5 71 

Domestic woiker 







(scamstiess) 

7 24 






Writei 

33 

14 28 

3 92 

9 75 


S 57 

Libraiian 

3 06 

95 

7 84 


2 32 


No choice 


21 9 





Musician 

1,94 

3 8 

1 96 

4 87 



Artist 

83 

1 9 

3 92 

21 95 



Actress 

SS 

4 76 

3 92 

4 87 


2 85 

Scientist 

27 

2 85 

4 09 




Missionary 

27 

95 

1 96 


465 


Social woikei 

55 

1 9 

98 




Interior 







decorator 


1 9 

2 94 




Doctor 

.55 


I 96 




Physical 







director 



98 


465 


Lnwyei 

27 


2 94 




Beautician 

55 

95 




285 


theie was very little diffeience in the type of reasons given The 
most impoitant of these are listed in Table 4, and the numbei of 
times each reason occurred "Like it” comes first for both boys 
and gills "Fitted foi it” is the second consideration with guls, 
money, with boys Altiuism is third with git Is, and "fitted for it” 
thud with boys. "Fitted for it” includes the picpaiation for oi 
some previous expeiience of the vocation While the students do 
not explain what they mean by "fitted foi it,” do these results in¬ 
dicate that girls considei then own abilities and aptitudes moie in 
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their selections than do the boys ? Willard (26) found money the 
most potent motive with Boys fit every age except 14 and 16, when 
“like it” governs, and with gills money holds second place Their 
choice is influenced by “like it” Of the altruistic reasons, more 
than half are expressed bv Negiocs, who dcsiic to help then iace. 
According to Willard (26), the convent papcis gave the highest 
showing of philanthiopy, and the influence of religious training was 
very striking This was also true of the Indian papets. The place 
of altruism with the girls coincides with Chambers’ (10) statement 
that girls arc much more philnnthiopic than boys 
The reasons tlmt the pupils give for not following out the first 
choice are summaiized in Table 5, 

A compaiison of the girls’ and boys' reasons shows that “not 
possible to attain” stands first for both This means in almost 
every case that the necessary tiaining is impossible because of the 
expense and time involved. The fact that the student is preparing 
for another line of work, or will have opportunity to obtain other 
work, is second This may be taken to mean that the pupil will 
have to get to work as soon as possible for economic reasons. A 
few mentioned that the second choice would lead to the fust, or 
would enable them to woik toward it The paients’ dictum plays 
a more important part with the gals. 

A compaiison of the attitudes of paients of all types of boys 
and of parents of all types of gixls shows that 24.34% of the hoys’ 
parents offer no advice and 24 36% of the girls’ parents. This 

TABLE 4 

Reasons Given dy Bo\s and Girls tor Their Choice or Vocations and 
the Number or Times Each Is Mtntiontp 


Boys 


Gu Is 


Like it 

183 

Like it 

409 

Money 

92 

Fitted for it 

143 

Fitted for it 

58 

Do good (5+ colored) 

79 

Assured of position 

31 

Money 

68 

Offers advancement 

2+ 

No reason 

18 

Travel and adventure 

22 

Offers advancement 

15 

Do good (14 colored) 

22 

Travel and adventure 

11 

Choice of parent 

9 

Member of family in 


Member of family in 


some work 

5 

same work 

6 

Assured of position 

3 

No reason 

0 

Choice of pment 

3 
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TABLE 5 

Reasons for Inability to Follow First Choice 


Boys 


Girls 



% 


% 

Not possible to attain 
Preparing for, or 
position assured 

Member of family in 

+9,1+ 

Not possible to attain 
Preparing for, or 

+7 85 

25 0 

position assured 

Parents object 

31,42 
12 85 

another line of work 

More money 

Parents object 

11 2 

9 48 
+ 31 

More money 

3 57 

seems to prove that the modern 

parent is equally interested 

in both 


girl and boy. 

To continue this consideration of parent attitude, it is found that 
45 93% of all boys’ parents agieed with then sons’ choice, while 
29.1% differed Fifty-six and eighty-five one-hundiedths per cent 
of all girls’ parents agieed, while 18 21% differed A study was 
made of the reasons for these differences of opinion, the most im¬ 
portant of which will be found in Table 6 


TABLE 6 

Reasons for Difference of Opinion on Part of Parents 


Boys 


Gills 


Make money 

°/o 

31 18 

Thinks better fitted 

% 

Thinks bettei fitted 


for another vocation 

41.96 

for another vocation 

23 65 

More money 

16 96 

Member of family in work 


Better position for women 

12 5 

of parent’s choice 

16,12 

Unable to afford training 

7 14 

Moie seciue 

7 52 

Moie secure 

5 53 

Altnnstic reasons 

+ 3 

Membei of family in work 


Unable to afford training 

1 07 

of paient’s choice 

2 67 


The parent is most concerned with his son's making a good living, 
and next with his aptitude foi the type of work The gill’s parent, 
on the othei hand, placed fitness foi woik first, doubtless realizing 
the impiobabihty of much financial success 
When the boys choice was compaied with his father’s work, 
well ovei three-fouiths were not the same This is shown by the 
following figures* 98.24% of the American-born technical boys 
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did not choose the father’s vocation; 95.83% of the academic boys 
of foieign parentage, 92.39% of the Negio bovs; 88 88% of the 
country boys, 86 66% of the technical boys of foreign parentage, 
and 85 29% of American academic boys (white) According to 
Willard (26), the greatest numbci of those who choose the parent’s 
occupation is found at 13, the age when so many boys leave school. 
From that age theie is a steady mcieasc in independent choice. 
Hollingvvoith (19) declaies that scientific study of human natuic 
informs us that about 75% of offspung can be assigned with social 
justice to the level of occupation foi winch they arc fitted by simple 
rcfeience to their paients’ occupations. The lemaimng minonty 
will be misfits in modern life if so assigned This study could not 
be made for the gills, as comparatively few of the mothers aie 
employed in any work othei than home-making. 

A study of the teachei’s rating, in i elation to the child’s choice, 
seems to prove that scholastic achievement has little bcanng upon 
the selection of a vocation For example, out of the 54 boys who 
selected engineering, 9 were latcd above average, 35 aveiage, and 
10 below average. Out of 36 boys who chose a business caieer, 
26 were average, 4 below, and 6 above. Of 136 guls who made 
the same choice, 108 weie average, 14 above average, and 14 below 
average, Forty-nmc gills chose musing, 31 of these \ve\e average, 
7 above, and 11 below. An outstanding exception was in the case 
of the 8 boys who selected autlioiship, 5 of whom wete above aveiage 
and 3 average 

Summary 

Briefly summaiized, this study shows: 

1. That engineering is first choice of vocation with boys, teach¬ 
ing with girls 

2. That ‘’like it” is the leason given by most of the boys and 
the girls. Money is second with boys, “fitted for it” with girls 

3 That 63.39% of the boys and 77.22% of the girls expect to 
follow their first choice of vocation, 

4 That the greatest number of both boys and guls gave as 
their reason for inability to follow then first choice “not possible 
to attain.” 

5. That the modern patent is equally interested in the vocation 
of both boy and girl. 
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6. That, when the parent disagreed with the son's choice, he 
gave as his reason that moie money could be made in another field. 
With the girl the reason was that she was perhaps better fitted for 
another vocation, 

7 That ovei three-fouiths of the boys chose professions other 
than those of the parents 

8 That scholastic achievement has little bearing on the adoles¬ 
cent’s selection of a vocation. 

Conclusion 

In conclusion, this study of vocations selected by the different 
types found in American schools seems to prove that race and en¬ 
vironment affect the student’s selection For example, the Negro 
boys and girls chose teaching because, as a race, these people 
consider it a position that gives prestige Music was chosen only 
by those who had had opportunity to study, or whose heutage was the 
love of music. The interests and conditions of the tunes are also 
impoitant as exemplified by the great number of boys who would 
like to be aviators and girls who piefer a commercial career. The 
majority of boys and girls do not consider their abilities or talents, 
or there would be a more equal distribution among the lines of 
work, and a greater number of boys would select the father’s voca¬ 
tion or one similar A need for wise, careful guidance is made 
plain Not only must the child become acquainted with the many 
present-day occupations, but he must be shown how to evaluate 
his abilities and how to find his place in the economic structure 
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UNE ETUDE DE L*ATTITUDE DES GARMONS ET DES FILLES DE 
L'ECOLE SECONDArRE SUR LE CHOIX D'UNE CARRIERS 

(Resume) 

Un questionnaire sur I’attitude montiee & I’egard (Tune caruere, soumis 
ft 236 gaigona negres ct A 211 garqons dc race blanche, et ft 359 filles nftgres 
et a 326 filles de race blanche dans les ecoJcs du Kentucky et cellcs de la 
ville de New-York, a icvele les faits smvants le geme est lc premiei choix 
de carriftic des gargons tandis que I'enseignemcnt en eat Ic picmici des filles, 
la raison lc plu9 soinrent donnee de ce choix de carnerc est “je I’anne” 
an cas des gargons et des filles, tandis que la deuxieme raison lc plus 
fidquemment donnee du choix de caniere a 6te “Vargcnt” au cas des gaigona 
et "capable de le lemplir” au cas des filles; 63,39% des gaigons ct 77,22% 
des filles out 1’intention dc suivie leur premier chajx de carriftre, tandis que 
ceux qiu re comptent pas suivie leur premier choix donnent comrae la raison 
la plus frequente le fait qu’i] "n’est pas possible de I'artemdre”, le parent 
moderne s’inteicsse egalement Ik la cariiere (les gargons et des filles, l'in- 
tervention des paients dans le choix de eamftie du fils a et£ hasee sur la 
supposition que celm-ci pourrnit gagner plus d’argent en choisissant une 
autre carriftte, tandis qu J au cas des filles I’lntcrvention a dtd du au fait que 
les parents croyaient que la fillc sciait mieux adaptee ft une autre carrieie 
qu'i celie qu'elie avait choisie, plus des tiois quarts des gargons ne 
choislssent pas la carriftie cle leurs parents, enfin, le rendement scolaire 
n'influe que tifta peu sur le choix dc carnerc de l’adolescent 
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EINE UNTERSUCHUNG DER EINSTELLUNG ZUM BERUF VON 
KNABEN UND MADCHEN IM MITTELSCHULALTER 

(Referat) 

Man unterbrcitete einen Fragebogcn uber die Einstellung ?um Beruf 236 
Neger- und 211 weissen Knaben, und 359 Neger- und 326 weissen Madchen 
in Schulen des Staates Kentucky und der Stadt New York, und eihielt die 
folgenden Ergebnisse Dei Jngenieuibeiuf ist die ciste Berufswahl der 
Knaben, dei Lehrerbernf die erate dei Madchen Der hauhgste Grund, den 
Knaben und Madchen fur die Berufswahl angaben, tvai “mochte das gem, 1 ’ 
der zweithaufigste war “Geld” fur Knaben und “eigne mich dazu” fur 
Madchen, 63 39% dei Knaben und 77 22% der Madchen hoffen, class sich 
ihr erstgenannter Beruf verwnklichen werde, die ubugen, die daran nicht 
glanben, geben als haufigsten Grand “Verwickhchung unmoghch ” Modeinc 
Elt rn intei essieren sich fm die Bemfswahl der Knaben sowohl, wie fur 
die der Madchen Der Einspiuch der Eltein gegen die Bemfswahl der 
Sohne beruht auf dei Annahme^ (lass diese in andern Bcrufsartcn mehr 
Geld verdienen konnen, gegen die Wahl dei Madchen auf dem Glauber, 
dass sie sich fui einen andern Beiuf als den gewalilten bessei eignen Ober 
drei Vicrtel der Knaben wahlten andere Berufe als die der Eltern Endlich, 
Schulleistimgen liaben vyemg Einfluss auf die Berufswahl der Jugentl 
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A STUDY OF THE RELATION OF OCULAR AND 
MANUAL PREFERENCE TO MIRROR 
READING' 1 

from the Wayne County Training School 


Samuel A Kiric 


In an attempt to trace the etiology of leading disabilities inves¬ 
tigators have obseived that retarded readeis may he abnormally 
fluent in minor leading and may exhibit a tendency to reverse 
letteis and words, as in reading h foi d, p foi q, and tuas foi saw 
These anomalies in reading have been explained by Orton (6) as 
lesulting from the lack of ceiebial dominance. He foimul.ited 
the theory that childicn who have not established a clear-cut dom¬ 
inance of one cerebral hemisphere tend to lcvcise woids and letteis 
and to manifest gieat facility in mirioi reading. Dearborn (1), 
on the other hand, does not accept the theoiy of cciebral domi¬ 
nance, but prefers to explain the fact of icvcisuls among deficient 
readers in what he regards as the moic objective tcirns of ocular 
and manual dominance. By comparing a group of cxticmcly ic- 
taided readeis with an unselcctcd public-school population, Com- 
foit (reported in 1, p. 704) found a picpondciancc of left-eyedness 
and mixed conditions of oculai and manual dominance in the group 
of retarded readers Deaiborn theicfoic concluded. “The dextial 
sequence of eye movements is kmesthetically the essence of reading. 
Left-eyed children may tend to move m the opposite direction, to 
begin at the wiong end of words or to leveise the oidci or even 
to perceive letters in the wrong way as in seeing b as d } or boy as 
dog ” Although he suggests a relationship of lef t-cyedness to re- 
vcisal eirors and to the tendency to read from right to left, Deaiboin 
has not experimentally investigated these relationships, nor has he 
related these anomalies to facility m mirror leading 

^Recommended by Thorleif G Ilegge, accepted foi publication by Carl 
Murchison of the Editonal Boaid, and received in the Editorial Ofhce, 
May 5, 1933 

’From the Wayne County Training School, Northville, Michigan, Robert 
H Haskell, MD„ Medical Superintendent Studies in Educational Dis¬ 
abilities and Mental Deficiency } directed by *T liorlei f G Ilegge, PhD, 
Scientific Director The author is also indebted to Miss Elizabeth Sunday 
for aiding in the administration of the tests 
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Working independently of Deaiboin, Marion Monroe investi¬ 
gated various phases of reading disabilities In one of her fiist 
studies (4) she found that letaided readeis were more fluent in 
mirror leading than were nonnal readers of the same leading grade 
In a later study (5) she verified the results of the first expeument 
and also found a greater incidence of left-eyedness in a reading- 
defect group than among normal readers Fuithermoie, she has 
attempted to test the belief that left-eyedness or mixed conditions 
of oculai and manual dominance may be significantly related to 
mirroi reading. Since the present expeument is very similar to the 
studv reported by Monioe, the lattei will be dcscubed in some 
detail 

Using three consistent tnals with a caulboaul cone as the cri¬ 
terion of ocular dominance, and regarding the hand preferred foi 
spontaneous writing as the dominant hand, Monioe (5) compaicd 
childicn who presented consistent dextial eye-hand dominance with 
children who showed prefeience foi the light hand and the left 
eye Her results showed that in a control group of normal readers 
(33 pme dextrals and 18 mixed dextrals) 2 the mixed dextials made 
significantly fewer eirois in minor reading, but weie not sigmfi- 
cantlv superior in terms of time. In the leading-defect group (62 
pure dextials and 42 mixed dextrals), however, the mixed dextials 
exhibited significantly greater facility than the puie dextials in 
speed of minor reading, but there was practically no difference 
between tile two dextiahty types in teims ot errois She concluded 
"Left-eyed piefeience is associated with fluent mirroi-leading, 
and fluent mnror-ieading is associated with reading disabilities.” 
Monioe seemed to regaid her findings as meiely suggestive and 
pointed out that in ordei to disclose the natuie of the obscure 
relationships between hand-and-eye piefeiences, mmol leading, and 
leading disabilities fuithei contiolled experimentation is needed 

The Problem 

The piesent problem is to study, by means of moie reliable tests, 
the relationship between oculai and manual piefeience and minor 
reading in a gioup of lngh-giadc mentally defective clnldien 

2 Di Monroe defines pure dextials as childlen who picscnt consistent 
dextral prefeience, 1 e, light-hniul-iight-cve dominance, and mixed dex¬ 
tials as child ten who piesent nght-hand-left-cye dominance 



194 


SAMUEL A. KIRK 


Method of Experimentation 

A number of children were tested for ocular and manual prefer¬ 
ence and were then given normal- and mirror-reading tests. 

a. Ocular preference was determined by giving ten tuals on 
the Miles V-scope (3), and live trials on the sighting test used 
by Schcidemann (7). The criterion foi eye piefcrencc was at 
least eight out of ten consistent responses on the Miles Test and 
at least three out of five consistent responses on the Schcidemann 
Test. 

b Handedness was determined by giving four handedness tests, 
namely (1) hand used for spontaneous writing, (2) batting, (3) 
needle-threading, and (4) tapping. The last consisted of a com¬ 
parison of the right and left hands in tcims of the numbei of taps 
within a 10-second penod (two trials for each hand) The cri¬ 
terion for handedness was the hand pi cferred foi spontaneous writ¬ 
ing plus a correspondence of two out of the three other handedness 
tests given. 

c. Mirroi-reading tests Two minor-reading tests were given 
First, the milroi-reading test used and standardized by Monroe (5, 
p. 197) was administered according to directions This test requires 
the child to read a selection of 46 words of prime i material from 
a mirror. It is the observation of the wiiter and others that certain 
children experience difficulty in adjusting to the position of the 
primer and the mirror, and frequently refuse to try For this 
reason another mirror-reading test was devised and used together 
With that of Monroe This second mirroi-ieading test consisted 
of Gray’s Oral Reading Check Tests (2), Set I, Numbeis 3 and 
5, reprinted in mirrored form so that the child would not be le- 
quired to read from a muror. These check tests as standaidizcd 
by Gray are equivalent, each consisting of 40 woids of pnmer or 
first-grade reading material Moreover, to provide for comparison 
with normal reading of equivalent material, the Giay Oral Read¬ 
ing Check Tests, Set I, Numbeis 2 and 4, were administeied in 
standard form. Thus each subject was required to read, in order, 
the following material* standard Check Test 2, mirroied Check 
Test 3, standard Check Test 4, and mirrored Check Test 5 For 
convenience mirrored Check Tests Numbers 3 and 5 will heieafter 
be referred to simply as “the minored check test.” 

Whereas in the Adonroe mirror-reading test no aid is given when 
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a child blocks on a word, on the mirrored check test the directions 
provided for aiding a subject after he had blocked on a word for 
ten seconds The time for reading each paragraph was taken by 
means of a stop-watch and all errors were recorded. The follow¬ 
ing were regarded as errors words aided, woids omitted, words 
inserted, words mispronounced, and two or more consecutive words 
repeated. 

d A grade score for each child was obtained by giving the 
Gray Standardized Oral Reading Paragraphs A further measure 
of oral reading in terms of time and errors was obtained by giving 
each child the Gray Oial Reading Check Tests, Set I, Numbers 
2 and 4, as described above, 

e . Selection of Subjects The subjects were high-grade men¬ 
tally deficient children in the lower division of the Wayne County 
Training School In order to obtain a sufficient number of left¬ 
eyed subjects a teachei informally tested the eye preferences of 
children in the classioom, and those suspected of being left-eyed 
were leferred for the examination. Other childien were selected 
at random on the basis of the teacher's judgment that their reading 
ability was between Giades 1 and 4 All subjects were tested 
individually on the battery of tests listed above. 

Seventy-four subjects participated in this experiment The records 
of 13 subjects were discarded either because handedness or cyed- 
ness could not be determined according to the cittern given above, 
or because they scoied lower than Grade 1 4 or above Grade 4.0 
on the Gray Standardized Oral Reading Paragraphs Thus the 
remaining subjects wcie either distinctly left- or right-eyed, and 
left- oi right-handed accoiding to the entena previously set forth, 
and all subjects scored between Grade 1.4 and Grade 4 0 on the 
Gray Standardized Oial Reading Paragraphs 

Results 

The scores of 61 high-grade mentally defective children (median 
IQ 67; interquartile range 61-73) aie given in the following tables 
It should be mentioned that the group was fairly homogeneous The 
interquartile range for CA’s was 12-14 The mteiquaitile range 
for MA’s was 8-9 The group consisted of 30 gnls and 31 boys 

First, in order to test the prevalent belief that minoi reading 
is associated primarily with left-eyedness, a gioup of 30 right-eyed 
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subjects was compared with a group of 31 left-eyed subjects, irre¬ 
spective of handedness. Both groups, howeyci, were largely right- 
handed, there being 5 left-handed subjects In the nght-eyed group 
and 6 left-handed subjects in the left-eyed group. 


TABLE 1 

A Comparison of Right- hylo and LEiT-EYn> Groups 
in Mirror Reading 


Right- Lcft- 

eved eyed ]1i(t 



N 

group 

Mean 

N 

gioup 

Mean 

P E diff 

Normal reading 

1. Gray Oral Reading 
Paragraphs 

Reading grade 

30 

2 69+0 09 

31 

2 79±0 07 

85 

2 Gray Oral Reading 

Check Tests (Set I, 

Nos l and 4) 

Time 

30 

52 66+3 86 

31 

52 54+3 53 

02 

Errors 

30 

3 47±0 45 

31 

3 13±0 3+ 

60 

Mirror reading 

1 Mirrored Check Test 
Time 

30 

122 66+4 6+ 

31 

US 65+3 17 

2 77 

Eirors 

30 

19 93 + 1 35 

31 

19 39 + 1 29 

,29 

2 Monroe Mirror-Reading 
Test 

Time 

28 

92 21+4 54 

28 

88 46+4 76 

57 

Eriors 

28 

12 2S±0 90 

28 

11 61+0 85 

52 


From the data given in Table 1 it is leadily seen that in terms 
of noimal oral-icading ability the two gioups are quite equivalent, 
both on the grade scoie as obtained by the Gray Oial Reading 
Paragraphs test and on the Gray Check Tests (Set I, Nos 2 and 
4) The lesults of the scoies obtained on the mirrored check test 
show that the left-eyed group is inferioi in miiroi reading in teims 
of time and slightly superior in terms of cirors but that neither 
difference is statistically significant The scores on the Monroe 
mirror-reading test vcufy the results of the mirroied check test in 
that no significant difference is found between the right- and the 
left-eyed groups. 

To test the reliability of the mmoied check test the reliability 
coefficient foi time of mirror reading was obtained by con elating 
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mirroied check test 3 against rmrrored check test 5. The correla¬ 
tion was found to be + 80± 03, and, when corrected for length 
by the Speaiman-Brown “piophecy” foiinula, became T.89 For 
errois the reliability coefficient was + 77±«04, which, when cor¬ 
rected foi length, became -f- 87. No reliability coefficient was obtained 
for the time on the Momoc nnrior-ieading test The correlation of 
errors on the first half of the test with the errors on the second half 
of the test was -J-*53±,06. Correction for length gave a reliability 
of -j- 76 Thus both mirior-ieading tests are sufficiently reliable 
to wanant their use as measuies of ability in minor reading. 


TABLE 2 

A Comparison of Homolateral and Contralateral Eye-Hand Groups 
in Mirror Reading 



Homo- 
Intei al 
eve-hand 
prefer- 

Contra¬ 

lateral 

eye-hand 

prefer- 

Diff. 


N 

ence 

Mean 

N 

ence P 

Mean 


Normal leading 

1 Gray Oral Reading 
Paragraphs 

Reading grade 

31 

2 71 ±0,08 

28 

2 77±0 08 

50 

2 Gray Oral Reading 
Check Tests (Set I, 
Nos 2 and 4) 

Time 

31 

55 61 ±3 97 

28 

49 50±3 56 

1 15 

Enors 

31 

3 32±0 38 

28 

3 36±0.45 

07 

Mirror reading 

1 Minoied Check Tests 
Tune 

31 

130 35±5 31 

28 

133 57±G 8+ 

37 

Errors 

31 

IS +5 ±1.27 

28 

20 21±1 39 

94 

*2 Monroe Mirror-Read¬ 
ing Test 

Time 

30 

99 00±4 57 

25 

79 68±4 55 

2 99 

Errors 

30 

11 70±087 

25 

12,48±0 91 

62 


*The number of cases for the Monroe mirror-reading test were fewer 
than for the mirrored check test because a few of the subjects seemingly 
found reading from a mirror extremely awkward and after several futile 
attempts refused to continue Their scores on the mirrored check test, 
however, weie included The insignificant tendency toward the superiority 
of the contralateral group on the Monioe mirror-reading test in terms of 
time i9 due to the fact that ceitam subjects who scored very high in time 
on the miriored check test were eliminated from the scores of the Monioe 
mirror-reading test because they refused to continue This fact explains 
the discrepancies in tendencies between the mirrored check test and the 
Monroe mirror-reading test 
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A compaiison of a group with homolateral eye-hand preference 
and a group with contralateral eye-hand prefeience is given in Table 
2 This comparison is veiy similar to the comparison in Table 1 
with the exception that the five left-handed subject* m the light- 
eyed group of Table 1 fall in the contialatcial eye-hand gioup of 
Tabic 2, and, similarly, the six left-handed subjects in the left-eyed 
group of Table 1 fail in the homolatcral eye-hand gioup of Table 2. 

On the mirrored check test the contrnlnternl cyc-hnnd preference 
group is slightly slower in mmoi leading and piescnts slightly 
more errors than the homolateral eye-hand prefeience group. In 
neither case are the diftciences statistically significant Although 
on the Monroe mirror-reading test the contialatcral group exhibited 
greater facility in terms of time, it presented a gieatci number of 
errors than did the homolatcral group. Neithei difference is sig¬ 
nificant 

Since Monroe’s results are based on a comparison of a group 
which presented right-liand-iight-eye piefcience (puie dextials) with 
a group showing nght-hand-left-eyc piefcience (mixed dextials), 
our results were analyzed foi this handedness-eyedness classification. 
The data are presented in Table 3 Fewer cases fall in these 
hcandedness-eyedness categories since all left-handed children were 
necessarily eliminated from this comparison. 

The results given in Table 3 indicate that the so-called condition 
of mixed dextrality does not facilitate minor reading. The differ¬ 
ences between the means of the miriored check test tend, if anything, 
to indicate a superiority of the pure dextrals, in terms of both time 
and errors, whereas the differences between the means of time and 
errors on the Monroe mirror-reading test point to a superiority of 
the mixed dextrals 3 None of the differences, however, are statis¬ 
tically significant. 

The data given in Tables 1, 2, and 3 indicate mainly that there 
is no relation between lcft-eyedncss and mirror reading in oui group. 
Although in Tables 1 and 2 thcie were an equally small number 
of left-handed subjects in each group, it should be emphasized that 
this study has dealt with groups having left- oi light-eye preference 
associated largely with right-handedness. It should also be empha¬ 
sized that not all possibilities of ocular and manual preference and 
their relation to mirror reading have been investigated. Further 


“See footnote to Table 2 



Comparison of Right-Handed-Right-Eyed and Right-Hand ed-Left- 
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experimentation is necessaiy to disclose any possible 1 elation of 
mirroi leading to other conditions of ocular and manual pieference, 
mainly sinistrality, nmbidcxteiity, and amphiocularity 

Supplementary Results 

Our general results and conclusions immediately iaisc the ques¬ 
tion. Whcicm did the piesent study differ fiom that of Monioe, 
and what is lesponsible for the diflciencc in the xesults? At the 
piesent stage of experimentation this question cannot be answeicd 
conclusively, but a comparison of oui data with those of Monroe 
suggests a tentative explanation based on the diftcience in the intel¬ 
ligence levels of the two groups 

Since no normal cluldien have been tested on the mirroied check 
test, no companson of oui gioup with normals could be made on 
these tests However, since Dr. Monioe has established noinis for 
mirror reading with noimal rcadcis of normal intelligence, it was 
possible to compare our mentally defective gioup with Monioe’s 
normal group on the Monroe nuuor-icading test. 

A comparison of the scores obtained by our subjects oil the Monroe 
minor-readmg test with the norms standardised by Monioe is given 
in Table 4, The interquartile langes foi cnors m our group are 
somewhat similar to the interquartile mnges of Momoc’s normals. 
As would be expected fiom these similar distributions, 23 per cent 
of our mentally defective group fall m the highest quaitile of Mon¬ 
roe's norms In terms of time, however, 84 per cent of our gioup 
fall in the highest quartilc of Monioe's norms, l c., 84 per cent of 
our group exceed 75 per cent of the noimals m fluency m mirror 
reading. 

If our grade scores are compaiable with those of Monroe, retarded 
intelligence may be one of the factors associated with facility in 
mirror reading Of course, our grade scores are obtained only on 
the Gray Oral Reading Paragraphs test, whereas Monroe’s giadc 
scores were obtained by taking the average of four reading tests. 
Although this point precludes the formulation of definite conclusions 
(smee the scores obtained on the Gray Oral Reading Paragraphs 
test may not be sufficiently comparable with Momoe’s giadc scores), 
such a comparison docs suggest that mentally letaided children may 
be superior mirror readers when compared with normals of the same 
reading grade This superiority may tend to eliminate the possible 
influence of ocular and manual preference in our group. 



OCULAR AND MANUAL PREFERENCE AND MIRROR READING 201 


« S a E 

§ Hmh 0 

S * °a 

d.^ bC 

'"o n u o 2 
°2 U ^ 
tuo . <u rt 

bo " 

■j-i ■> a 

a» m 3 

y » 

« « Mg 

t^ti 2 6 


J. 0 m 


n 1—1 
<U O 
I- <1> _, 
M-) TJ 

u tl (J 

!B"° E 


I h-l M WHH 

*—I M »-* 


E W " 
H 2. 


*« (U 

W M P. 



202 


SAMUEL A. KIRK 


Discussion 

If ieft-eyedness and a condition of mixed ocular and manual pref¬ 
erence (as studied in our group) are not factors influencing facility 
in mirror reading in a mentally defective population, what then 
would be the contributing factors? What essential characteristics 
are peculiar to the mirroi readei? The writer has no further 
experimental facts to offer, but some suggestions may be given on the 
basis of clinical observations 

In a group of mentally retauled reading cases, the writer has had 
the oppoitunity to study the characteristics of nine extreme mirror 
readers. No single consistent factoi was found in the group. For 
example, three subjects were left-handed and left-eyed, three others 
were right-handed and left-eyed, and the remaining thiee were right- 
handed and nght-eyed. All nine cases were examined by an expert 
ophthalmologist. He repoitcd that five cases had a greater or less 
degree of muscle imbalance, either defects of convcigence or opthal- 
moplcgia externa. The other four were diagnosed as having refrac¬ 
tive errors of various forms As to othei characteristics, one left- 
handed subject suffered fiom right hemiplegia. Two subjects had 
speech impediments (lisping and stuttering). Thus it is apparent 
that mirror reading, in this group of nine extieme mirror leaders, 
cannot be attiibuted to any one of the above-mentioned factors alone 
Our findings seem to indicate that the relationships between 
mirror-reading ability and physical characteristics may be moic com¬ 
plex than is generally appreciated and in all piobability may also 
be obscured by the factor of intelligence 

Moreover, tile complexity of the problem is fuithci emphasized 
by the possibility that environmental factors may also be instrumental 
in the development of facility in mirror leading. It is pci haps not 
sufficient to ascribe fluent mirroi reading m an individual to some 
physical or psychophysical characteristic alone, for the chaiactcustic 
may be consideied only as a disposition to the acquisition of mirroi 
reading It follows, therefore, that the acquisition of mnror lead¬ 
ing, which is, of course, a learned response, may also be dependent 
upon the particular nature of the situation in which this 1 espouse 
occurred. 

We can, from observation and clinical practice, find many environ¬ 
mental factors which may be operating to confuse the child in the 
direction of reading. First, one may ask, what is the influence of 
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a right-handed teacher on a left-handed child or a left-handed teacher 
on a right-handed child? We do not know what conflicting ten¬ 
dencies may develop in a child whose handedness differs from that 
of the teacher. Secondly, to what extent arc the present methods 
of teaching instrumental in the development of minor leading? One 
may raise the question of the possible influence of the child’s 
initial set in the dnection of reading caused by certain teaching 
procedures. For example, a teacher may point to a sentence or a 
word from the right side, or the child, who is seated to the right 
in the classroom in relation to the blackboard and the reading 
charts, may first have his attention attracted to the wrong end of 
words and sentences. Moieover, many primers and picture dic¬ 
tionaries have some action pictures with motion indicated in the 
direction fiom right to left Receiving no specific instructions at 
the outset, a beginning reader, who knows nothing of direction in 
reading, may undei such conditions develop a tendency to read ftom 
right to left and thus lay the foundation foi minor-reading ability 

It should be pointed out, however, that these possibilities are only 
suggestions and that their significance in the development of fluent 
nuiror reading is unknown and remains a pioblem for futuie ex¬ 
perimentation. 

Summary 

A group of 61 high-grade mentally defective childien (median 
IQ 67) weie tested for oculai and manual prefeience and were 
given normal- and mirror-ieading tests (1) Contiaiy to previous 
expetimental results and to theoretical expectation the 31 children 
in the left-eyed group (laigely right-handed) were not supenoi 
mirror leaders as compared with 30 right-eyed subjects of the same 
handedness classification and of the same leading grade. (2) A 
comparison of our results with those of Mai ion Mortioe for normal 
children (median IQ 110) suggested that our mentally defective 
group were superior in mirror reading to normal children of the 
same reading grade (3) It is suggested that certain environ¬ 
mental factois may be instrumental in the development of mirror 
reading, and that future investigations of the causes of this ab- 
noimality should include the study of environmental factois as well 
as of a combination of various physical, psychophysical, and en¬ 
vironmental conditions 
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UNE ETUDE DE LA RELATION ENTRE LA PREFERENCE OCU- 
LAIRE ET MANUELLE ET LA LECTURE AU MIROIR 

(R4sum6) 

On a tcst6 un groupe de soixante et un enfants faihlea d’espnt sup6neurs 
(Q, I median 67) pour leur prefirence oculairc et manuelle et on leur a 
fait subir des tests normnux et des tests dc lecture nu nmoir (1) Con- 
trairement aux r£sultata expcrimentaux antdneurs et 1 I’cxpectation 
thdonque les trente et un enfants du groupe de I’oeil gauche (dont la plu- 
part out 4t4 droitiers) n.e sont pas montres sup4ricurs a Pegaid de la lecture 
au miroir aux trente sujets d’oeil droit de la meme classification quant A 
Vusage des mams et du memc rang ft l’egard tie la lecture (2) Une com- 
paraison de nos resultats & ceux de Marion Monioe pour les enfants nor- 
maux (Q I median 110) a sugg6r6 que notre groupe d’enfants faibles 
d'espnt ont et£ sup^neurs dans la lecture au miroir aux enfants normnux 
du meme grade de lechne (3) On suggere que certnins faetcurs du milieu 
puissent etre en jeu dans le developpcmcnt de la lecture au miroir, et que 
Jes enqu4tes subsequentes doivent mclurc l'fitude des facteurs du milieu 
aussi bien qu'unc combinaison de tliverses conditions physiques, psycho- 
physiques, et du milieu 

Kirk 


E1NE UNTERSUCHUNG DER BEZIEIIUNG DER GESICHTS- UND 
HANDTATIGKEIT ZUM LESEN IM SPIEGEL 

(Refer at) 

Man prufte erne Gruppe von einundsechzig hocligrndig geistig minderbc- 
gabten Kmdern (mittlerer IQ, 67) auf lhre Gesiclits- und Ilandbevorzugung 
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und gab lhnen normalc Spiegcllesetests (I) Im Gegensatz zu den fiulieien 
Ergcbms'jen expenmenteller Unteisuclnmgcn und theorctischen Eiwartungen 
vvaren die einunddieiisig Kinder der linksangigen Gruppe (meiatens 
reclitshartdig) nicht uberlegene Spiegelleser, verghchen rmt den dreissig 
rechtsaugigen und gleichhandigen Versuchspeiaonen nut gleicher Lescfeitig- 
keit (2) Bin Veigleicli unserci Ergebnisse nut denen Manon Monroes fur 
normals Kinder (mittlerei IQ, 110) drangt die Vermutung nuf, dass unseie 
minderbcgabtc Gruppe den normaleil Kindern mit gleicher Lesefcitigkeit 
im Spicgellesen uberlegen ist {3) Man daif annehmen, class gewisse 
Faktoren des Milieus in der EntwicMung des Spiegellesens behilflich selen 
und der Autoi rat bei kunftlgcn Untersuclumgcn uber die Uisachen diescr 
Abnoimalitat die Untersuchung sowobi dei Miiieufaktoien wie der Korn- 
binationen vcischiedenei physischei, psychophysiscber und milieiiaitigei 
Bedingungcn cinzubc/iehen 


Kirk 



A SCALE FOR EVALUATING ADOLESCENT 
PERSONALITY* 12 

From the Department of Child Development and Parent Education of 
the New York Stale College fot Teachers 


Marg-vrpt Hayes 


The increasing emphasis upon the all-round development of the 
child has revealed a new measurement need in education Teachers 
are expected to develop desirable social and emotional bcbavioi pat¬ 
terns in children as well as mental and physical ones. Progiess 
depends in large mcasuie upon evaluation of woilc at various stages, 
in order that ineffective methods may be discarded and better procc- 
duies devised Intelligence testing was accepted by many educators 
at the beginning of the twentieth ccntuiy, ant! this was followed 
closely by the objective measuicment of subject-matter. Definite 
accomplishments in aptitude testing came about 1918. Tins was 
followed by techniques foi discovering inteiests, and later supple¬ 
mented to evaluate attitudes and chaiactcr oi personality. 

So far, none of the techniques for evaluating interests, attitudes, 
and chaiacter have been widely used in the schools Koos (6, pp. 
281-282) reports in a recent survey of jumoi, senior, and foui-year 
high schools that ratings on character were used in not moic than 
10 per cent of these schools, wheicas 61.9 per cent used standardized 
achievement tests, 50 pa cent had physical examinations and meas- 

* Accepted for publication by Carl Murchison of the Editoiinl Board and 
received in the Editorial Office, May 31, 1931, 

1 Grateful acknowledgment is made to Dr J. Allan Hicks, Dnector of 
the Department of Child Development and Paient Education of the New 
York State College for Teachers, and to Dr, Goodwin Watson, Professor 
of Education, Teachers College, New Yoik City, for valuable suggestions 
and criticisms both during the progress of the work and in the preparation 
of the manuscript, Much cl edit is due Earle J B Kesten for helpful 
criticism and aid in the collection of data The author is also indebted to 
the judges for their evaluations, and to Piofcssoi John M Snyles, Director 
- Teacher Training of the New York State College for Teachers, Dr 
R W. Frederick, Principal of the Milne Junior High School, and the 
superviser 3 r staff of the school for mdispcn&abte assistance m e'tpelamenta¬ 
tion with the scale 

•Th« scale has been published by the Psychological Corporation, 522 
Fifth Avenue, New York City, undei the title “A Scale foi Evaluating 
the School Behavior of Childicn Ten to Fifteen,” and may be obtained 
from them In any desired quantity, 
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urcments, and 75 per cent made at least some use of mental tests 

Effoits to estimate character or personality have usually taken 
the form of rating scales and tests Sherman (7) has published an 
excellent resume of the more impoitant woifc that has been done 
in this field, together with an analysis of its piobable value Pei- 
haps the most ambitious and better-known efforts to test phases of 
personality are the Character Education Inquiry Tests devised by 
Hartshome and May (2, 3, 4), the work of Wiclcman (11) in 
evaluating childien’s behavior and teacheis’ attitudes, Stodgill’s (8) 
study of parental attitudes and mental hygiene standaids, and 
Downey’s (1) Will-Temperament Tests, These studies have 
given an impetus to efforts to evaluate personality and have doubt¬ 
less had a stiong influence upon present-day thinking along this line. 
Howevci, the numerous difficulties m personality measurement have 
been only partially overcome by these authors. The Character 
Education Inquiry Tests seem impractical for general use because of 
theii cost and the amount of time requued to administer the tests 
and score the papers, according to Hayes (5) The works of 
Stodgill and Wickman have been criticized by Watson (10) for 
ambiguity of items, unreliability of judgments as shown by high 
standard deviations, and the possible fallacy of using the judg¬ 
ments of mental hygienists for a standard. Progress is being made 
in this field by a giadual evolution of more accurate notions of the 
true natuic of charactei or personality and closer approaches to 
accuracy and objectivity in its evaluation This paper describes a 
personality rating scale for use with adolescents. An attempt has 
been made to devise a procedure that is simple enough foi the use 
of the average classroom teachei, not too time-consuming, and as 
objective as possible 

There are many definitions of personality. Some of these seem 
quite different, but many of them contain elements upon which there 
is more or less geneial agieement. There is a pronounced tendency 
to regard social adjustments as related to personality The method 
of evaluating peisonality descubed in this paper is based upon a 
concept of peisonality as the complete set of habits oi behavior pat¬ 
terns possessed by the individual, as these habits manifest themselves 
in the situations of everyday life Observable behavior is accom¬ 
panied by innei tendencies or attitudes which must be taken into 
account in evaluating the observable behavior of individuals This 
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concept of pci son ah ty is appaicntly in ,igi cement with that of Voel- 
ker (9). In evaluating personality, the piactical thing to do is to 
lecord overt behavior and make the best intci pi etation possible of 
the feelings and attitudes back of such behavior, Since any oveit 
behavior must be interpreted in 1 elation to the situation in which it 
manifests itself, any individual’s possession of a given habit cannot 
be decided by its appearance in a single i c olated situation. If, 
however, the individual’s behavior is noted in several situations, a 
chaiactcnstic behavioi pattern may be detected, both as to type of 
habit and degree of intensity In the scale which is descubed in 
this paper, the words “usually” and “often” aie used to indicate 
the presence of a characteiistic behavioi pattern 

The technique here described is called the “Personality Rating 
Scale for the Adolescent in the School” and is designed primalily 
for the use of teacheis A sinulai scale is called the “Pei sociality Rat¬ 
ing Scale foi the Adolescent in the Home” and is for the use of 
parents Their purpose is to show objectively the habit patterns of 
adolescents in teims cf dcsnable nr undcsiiable personality develop¬ 
ment and to furnish the basis for an analysis of the maladjustments 
and developmental needs of adolescents. By the use of these scales, 
it is possible to secure an objective scoie to lcprcsent the personality 
of the child and to secuic diagnostic material necessaiy in meeting 
his needs 

Construction of tiie Scale 

The Personality Rating Scale for the Adolescent in the School, 
in its final form, is made up of a list of 100 items, each of which 
is a habit pattern which may be possessed by an adolescent In 
order to secure the items the author took 200 detailed one-hour 
diary records of the observable behavior in school of 20 adolescents 
An analysis of these iccords furnished 221 items which were sub¬ 
mitted to a group of 100 students of advanced psychology in winter 
courses at City College, New York (Group A) to be evaluated 
according to the directions given below. 

On the following pages are listed units of children’s behavior These 
units vary In their significance as indications of character or personality 
development, Please evaluate each unit as follows 

Assume that each statement tells one thing known to be tiue of a twelve- 
3 r ear-old hoy or girl Place before each statement one number from the 
following: 
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—3 means 

—2 means’ 
—I means 

0 means, 

+ 1 means 

+2 means; 

+ 3 means; 

? means 


Sign of seriously defective character or personality; 
very bad 

Sign of defective character or personality, bad 

Sign of slightly defective character or personality; 
more undesirable than desirable 

No clear significance for character or personality; 
non-moral 

Sign of slightly desirable character or personality; 
more good than bad 

Sign of good character or personality, definitely 
desirable 

Sign of excellent character or personality, very mark¬ 
edly superior 

Ambiguous, might be good in some cases, bad in 
others 


The same material was then evaluated according to the same 
directions by an especially selected group of twelve experts in the 
fields of education and psychiatry (Gioup B). 

The 221 items were cut down to 135 by eliminating on four 
bases. First, all items that were questioned by 20 per cent or more 
of the judges in Group A as being ambiguous wcie dropped Then 
all items whose mean value was between +.6 and —.6 according 
to the evaluations of Group A were thrown out as being of little 
value one way or the other Also, all items for which the mean 
value was less than 4 times the standard deviation of the mean 
were eliminated as indicating too much scatter in the values assigned 
bv the judges m Gioup A Finally, it was decided that the scale 
could be shortened bv removing one of each set of several items 
which were opposites For example, the original list contained the 
following two items, the second of which was dropped; 

This child usually tells the truth 
This child often tells untruths 

The items were grouped undei eight headings to make the scale 
more useful for diagnostic purposes. The headings were chosen 
from a situational viewpoint, with a view to locating pupil problems 
moic specifically Table 1 gives the 100 items finally selected for 
the school scale, arranged in situational groups, with the means and 
percentages of questions for both groups of judges, and the standard 
deviations for Group A The values used for scoring the scale are 
taken from Group A because these values weie based on a large 
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number of judgments. The data obtained from Group B were 
used only for comparative purposes. 

It may be interesting at this point to study the evaluation of these 
items more closely, in order to understand better the attitudes of 
the two groups of judges toward the various behavior habits. It 
will be noted from Table 1 that the differences in values assigned 
are m degree, not in kind > m no case do the two groups of judges 
disagree in assigning eithei a negative or a positive value to an item. 

The items for which the values of the two groups of judges are 
identical are: 98, 96, 89, 87, 82, 78, 68, 54, 26, 15, 12, 11. On 
13 the values diftcr by .6 or more. The two groups differ on items 
5, 8, 23, 24, 25, 47, 65, and 71 by .6, on item 97 by .7, on items 
22 and 74 bv .8, on item 27 by 9, and on item 56 by 13 Of the 
last four items which represent points of greatest difference of opinion, 
three aie habits winch indicate emotional instability or a withdraw¬ 
ing from the solution of the problem and are consideied more 
undesirable by the experts than by the teachers. Agreement in the 
values obtained from the two groups of judges is evidenced by the 
correlation of ,95 between the mean values foi Groups A and B 
obtained by the rank-difference method. 

Directions for Rating 
The directions for rating a pupil are as follows* 

Following is a list of habits which children 10 to IS years old have been 
found to show. No one child could have all the habits listed, blit is certain 
to have a considerable number of them 
Draw a circle around the T, F, or U before each item to indicate T 
you believe the statement is true of the child being rated , F you believe 
the statement is not true of the child being rated, U you are uncertain 
whether the statement is true or not true of the child being rated. Be 
sure to draw a circle about one letter and one only for every item, in the Ust. 
Two samples are given below* 

(^) F U usually accepts responsibility when the occasion 
arises, 

T U often wastes time. 

Scoring 

The scoring was provided foi by arranging a score sheet with 
the mean values of the judgments of Group A as given m Table 1. 
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Decimal points were omitted in order to make the scoring easier. 
A child’s score for the whole scale or for each of the eight situa¬ 
tional groups was found by taking the algebraic sum of the values 
of the items marked true by the rater. 

TABLE t 

Personality Ratino Scale tor. the Adolescent in the School 

Group A Group B 



Item 

Mean 

S D. 

% ? 

Mean 

% i 

1 

I Relation to others generally 
Often does little things to make 
others happy 

+ 24 

70 

1 

+ 2.0 

0 

2 

Usually thinks of consequences 
both to self and otheis 

+2 2 

.80 

4 

+2.3 

0 

3 

Usually accepts responsibility 
when the occasion arises 

+2 2 

65 

0 

+2 4 

0 

4 

Often shares with others 

+ 2 1 

.73 

1 

+ 18 

0 

S 

Usually does his share in any 
group activity 

+2.0 

65 

0 

+2 6 

0 

6 

Often plays "hookey” from 
school 

—1 9 

1 08 

9 

—2.3 

10 

7 

Usually does the work expected 
of him 

+ 1.7 

69 

7 

+2 0 

0 

8 

Usually defends his friends only 
M'hen they are m the right 

+1 ^ 

1.33 

11 

+2 3 

30 

9 

Usually makes friends easily 

+ 17 

.82 

8 

+21 

10 

10 

Often starts fights 

—1 7 

81 

3 

—18 

0 

II 

Usually quickly forgives wroiig9 
done to him 

+ 1 6 

94 

4 

+ 16 

0 

12 

Often uses vulgar or piofnnc 
words 

—1 4 

103 

1 

—14 

0 

13 

Usually eats lunch with a group 

+ 1 3 

76 

7 

+ 16 

0 

14 

Often brings flowers or cthei 
decorative objects for the school¬ 
room 

+ 1 3 

91 

7 

+ .9 

10 

IS 

Often fights when attacked by 
others 

+1 3 

.92 

6 

+ 13 

10 

16 

Is usually on time 

+ 13 

79 

0 

+ 1,5 

0 

17 

Usually comes in or goes out of 
classroom with group which is 
making unnecessary noise 
Takes part in disturbance 

—1.3 

77 

7 

—15 

0 

18 

Often quairels with others 

—1 3 

105 

5 

—17 

10 

19 

Usually comes in or goes out 
of classroom with group talking 
and laughing and taking part 
in talking and laughing No 
unnecessary noise 

+ 12 

,97 

16 

+ 1.3 

10 

20 

Often makes disturbing noises 

—12 

71 

7 

—14 

0 
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Item 

Group A 
Mean S, D 

% ? 

Group B 
Mean % ? 

21 

Usually chooses friends because 
of theu wealth or social 
standing 

—1.1 

9+ 

19 

—1.6 

10 

22 

Often pretends to know more 
than he really does, or to have 
something that he does not have 

—U 

97 

8 

—1,9 

0 

23 

Often offers comments voluntar¬ 
ily when the majority of the 
class are commenting freely 

+1 0 

.87 

4 

+ 1.6 

10 

2+ 

Often complains about school 
conditions 

— 9 

79 

18 

—1 5 

0 

25 

Usually defends h\s friends, whe¬ 
ther they are right oi wrong 

+ .8 

1.50 

11 

+ 2 

10 

26 

Often chews gum or other 
objects during class 

— 8 

87 

8 

— ,8 

0 

27 

Often allows other people to im¬ 
pose on him without becoming 
angry 

— .7 

1.19 

12 

—1.6 

20 

28 

Often boasts of accomplishments 
that he really has 

— 6 

86 

11 

—1 1 

0 

29 

IT Respect for rights of others 
Often steals 

—25 

.94 

0 

—2,3 

0 

30 

Often cheats 

—25 

80 

5 

—24 

0 

31 

Usually pays close attention 
while other pupils recite 

+ 21 

94 

1 

+ 17 

0 

32 

Usually tells the truth 

+ 1 8 

73 

1 

+ 1.9 

0 

33 

Usually cleans up and puts away 
school materials voluntarily 

+ 1 8 

1.0S 

0 

+ 2,2 

0 

34 

Usually becomes angry when he 
cannot do what lie wishes 

—1.7 

1 00 

8 

—2,1 

0 

35 

Often makes critical remarks 
about other children 

—1 5 

96 

4 

—2 0 

0 

36 

Often laughs when another pupil 
makes a mistake 

—1 1 

85 

8 

—1,0 

0 

37 

III Relation to teacher 

Is usually courteous to teacher 
and other adults 

+ 1 7 

68 

1 

+2.0 

0 

38 

Often starts a whispered con¬ 
versation during class period 
about something other than the 
lesson 

—1.4 

90 

3 

—1 5 

0 

39 

Often eagerly performs small 
tasks at request of teacher 

+ 1 3 

.80 

9 

+ 1,0 

0 

40 

Often asks teacher unnecessary 
questions about the assign¬ 
ment 

—1 1 

.64 

7 

—l.S 

0 

41 

Often joins in whispered con¬ 
versation during class period 
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Group A Group B 

Item Mean S D % ? Mean % ? 


about something other than 



the lesson 

—1 0 

71 

6 

—1 2 

0 

42 

Often shows his work to the 
teacher of own accord 

+ 9 

1 09 

13 

+ 6 

10 

IV Relation to othei pupils 

43 Is usually couiteous to othei 
children 

+ 21 

64 

1 

+2 4 

0 

44 

Often neglects his own work 
to do the woik of others 

—21 

.66 

13 

—20 

11 

45 

Often annoys other children by 
pulling at them, pinching and 
so forth 

—1 6 

94 

1 

—14 

0 

46 

Usually comc9 in oi goe9 out 
of classroom alone 

—15 

91 

5 

—1 8 

0 

47 

Often tells on other pupils 

—15 

92 

9 

—2 1 

0 

48 

Often looks on another pupil’s 
paper while both are doing a 
class assignment 

—1 5 

1 08 

11 

—20 

10 

49 

Often smiles when humoious 
passage is read in class 

+ 14 

80 

5 

+ 1 5 

0 

50 

Often starts a conversation with 
another pupil during free 
period 

+ 12 

1.01 

12 

+ 1.3 

0 

51 

Often makes “smart” remarks 
to other pupils during class 

—1 2 

91 

12 

—1.6 

0 

52 

Often smiles at other pupils 
first in school 

+ 11 

1.07 

19 

+ 14 

30 

53 

Often smiles in response to 
smiles of other pupils 

+ 1 1 

73 

9 

+ 8 

0 

54 

Often talks with another pupil 
during free period (conversa¬ 
tion started by another pupil) 

+ 1 0 

.67 

9 

+ 1 0 

10 

55 

Often boriows objects from other 
pupils 

— 8 

75 

5 

—1.0 

0 

56 

Usually definitely avoids the 
other sex 

— 7 

107 

19 

—20 

10 

57 

V Initiative 

Often does a piece of original, 
creative work of own accord 

+2 7 

57 

1 

+ 29 

0 

58 

Usually tries to solve own prob¬ 
lems and not escape them 

+ 2 6 

57 

0 

+ 3 0 

0 

59 

Has organized oi helped to or¬ 
ganize school club during the 
past ycai 

+ 2 5 

69 

3 

+2 0 

10 

60 

Often undertakes extra projects 
voluntai ily 

+2 4 

62 

1 

+ 2 3 

0 

61 

Often starts activities in which 
others join 

+2 2 

76 

4 

+2 5 

0 
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Group A Group B 

Item Mean S D % ? Mean % ? 


<32 

Often asks questions showing 
interest when majority of the 
class are not asking questions 

+2 1 

87 

9 

+ 1 9 

10 

63 

Often holds office in school clubs 

+2 1 

62 

4 

+ 1 8 

10 

6+ 

Leads in sports (heads team or 
holds office in athletic organi¬ 
zation) 

+2 0 

86 

12 

+ 1 5 

20 

65 

Often offers comments^ voluntar¬ 
ily when the majority of the 
class are not commenting 

+1.7 

1.13 

12 

+ 2 3 

40 

66 

Usually goes ahead after the 
first suggestion 

+ 1,7 

1 03 

5 

+ 2 1 

0 

67 

Often initiates pleasant surprises 
for the teacher 

+ 17 

106 

9 

+ 1 2 

10 

68 

Usually finds own materials in¬ 
stead of asking teacher 

+ 17 

80 

4 

+ 17 

0 

69 

Often leads the conversation 
in a free group 

+1,5 

85 

16 

+ 17 

10 

70 

Often asks questions showing 
interest when the majority of 
the class are also asking ques¬ 
tions 

+ 14 

.70 

8 

+ 1.5 

0 

71 

Often holds up hand in response 
to a question of the teacher 
when he does not know the 
answer 

—1,2 

.98 

4 

—1 8 

0 

72 

VI Health habits 

Is usually happy 

+ 19 

91 

1 

+2 4 

0 

73 

Usually diesses neatly and keeps 
hunself clean 

+ 1 8 

.80 

0 

+ 1 4 

0 

7+ 

Often becomes easily upset 

—15 

1 14 

6 

—23 

0 

75 

Often bites fingers or fiinger- 
nails, rubs eyes, picks at finger¬ 
nails, taps pencil on desk, drums 
on desk, or taps feet rhythmic¬ 
ally on floor 

—1 3 

n 

9 

—1 5 

0 

76 

Often puts feet on seat during 
class 

—1 0 

,92 

7 

— .7 

10 

77 

Often changes from feeling 
happy to feeling unhappy 

— .7 

95 

16 

—1 1 

0 

78 

Often yawns during recitation 

— 7 

.69 

18 

— 7 

10 

79 

Often sits in a slouched posi¬ 
tion during class 

— 7 

74 

6 

— 6 

0 

80 

VII General interests 

Often reads good books in free 
time in school 

+ 2 1 

76 

3 

+2 3 

0 

31 

Usually takes an active part in 
club activities in school 

+2 1 

69 

4 

+ 1.7 

0 
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Group A 

Item Mean S. D 

°/o ? 

Group B 
Mean % ? 

82 

Often doe9 a piece of creative 
■work guided by another person 

+ 17 

,66 

3 

+ 17 

0 

83 

Often talks about what he 
wishes to do when he grows up 
(vocational interest) 

+ 1 4 

.93 

9 

+ 13 

0 

84 

Takes an active part in spoils 

+ 1 4 

85 

1 

+ 12 

0 

85 

Often walks aimlessly around 
the classroom 

—1.1 

.78 

16 

—15 

0 

86 

Often writes aimlessly on the 
boaid or diaws befoie class 

— 9 

73 

16 

—12 

0 

87 

Often looks around the class¬ 
room in nn appaiently aimless 
manner 

— 9 

57 

19 

— 9 

0 

88 

Often shows his work to a visitoi 
of his own accord 

+ 6 

1 35 

13 

+ .8 

10 

89 

VIII Scholarship and study habits 
Usually woiks well without 
seeking praise *1-2 2 

.79 

0 

+2 2 

0 

90 

Usunlly pays close attention to 
instructions and explanations of 
teacher 

+2 2 

62 

0 

+2 0 

0 

91 

Usually pays no attention to dis¬ 
tractions while working 

+ 20 

.92 

3 

+2 4 

0 

92 

Usually works eagerly on class 
assignment 

+ 1.9 

.59 

4 

+ 1 8 

0 

93 

Often asks questions for infor¬ 
mation 

+ 1 9 

94 

8 

+2 0 

0 

94 

Usually works veiy haid 

+ 1 9 

66 

4 

+2 0 

10 

95 

Usually caiefully takes down 
assignment 

+ 18 

69 

4 

+ 16 

0 

96 

Usually does work neatly and 
caiefully 

+ 1 7 

.66 

5 

+ 1.7 

10 

97 

Usually gives up as soon as a 
difficulty arises 

—1 6 

91 

8 

—23 

10 

98 

Usually does class assignments 
correctly 

+1 4 

93 

2 

+14 

0 

99 

Usually works as well after 
twenty minutes of effort as after 
two minutes of effort 

+ 14 

1 04 

11 

+1 3 

0 

100 

Usually answers questions cor¬ 
rectly 

+ 14 

98 

4 

+1 8 

0 


Validity 

As to whether or not the scale really measures peisonality, the 
original evaluation of items is itself a standard for judging. No 
real critenon is available, but it would seem that when the judg- 
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merits of a laige number of experts have been pooled we have as 
valid a scale as is possible at piesent It is significant that of the 
100 items of the scale, only 13 diffeiences of .6 or more were found 
between the opinions of Gioups A and B. 

Foi the purpose of thiowing light upon the validity of the scale, 
fouitcen teachers in the Milne Junior High School in Albany, New 
Yoik, were each asked to late the following four students m her 
class, the most desirable personality, the second most desirable per¬ 
sonality, the next to the most undesirable pcisonality, the most un¬ 
desirable peisonahty The results of these ratings were as follows 


Group 

Median 

Range 

Most desirable personalities 

+ 605 

+ 925 to 

+255 

Second most desirable personalities 

+ 605 

+ 885 to 

+ 175 

Next to most undesirable personalities + 9 

+ 535 to 

—3-15 

Most undesirable personalities 

— 85 

+265 to 

—445 

In the Milne Junioi High School, seven supcrvisois, who are also 
home-room teachcis, wcie asked to select the most desirable peison- 

ality among their students and 

the most undesuablc, and to 

rate 

them. The following results were obtained : 




Most 

Most 


Supervisor 

desn able 

undesu able 


1 

+970 

+ 209 


2 

+ 88+ 

+ 75 


3 

+ 8S3 

+ 21 


4 

+705 

— 35 


5 

+604 

— 97 


6 

+470 

—215 


7 

+262 

—323 


Median 

+705 

— 35 



These data indicate that the scale definitely diffeientiates desirable 
and undesirable personalities 

Reliability 

There are several factors which contiibute to the i (liability of 
this scale. The 100 items give a good sampling of bchavioi The 
iratei is required to indicate the presence or absence of small units 
of behavior rather than to evaluate bchavioi. The wording of items 
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and directions was carefully tested by preliminary trials An objec¬ 
tive method of scoring is provided The reliability coefficient of the 
scale, obtained by coi relating the sums of the scores of the odd- 
numbered items with the sums of the scoies of the even-numbered 
items for 100 papers taken at random, was .88 ± .015 This be¬ 
came 94 when the Spearman-Brown prophecy foimula was applied 

The agreement between two diffeient raters of the same subject 
was tested by con elating the scoies of any two latings on each of 
100 chddien for which two or more ratings weie available The 
process was repeated for anothei sampling of 100 childien. The 
conelations obtained were +.36 and +.33, respectively. The rat¬ 
ings weie done by student teacheis who had taught the children in 
one class for approximately eight weeks. It is probable that a 
higher reliability can be obtained when the raters ire more experi¬ 
enced teachers and better acquainted with their pupils In this 
connection, it should be pointed out that, since personality is a 
matter of the individual’s interaction with the environment, the 
most significant part of which is the personalities of other individuals, 
very close agreement between raters is not to be expected. 

Norms 

Noims weie obtained by securing 801 pupil ratings by teachers 
in New York, Connecticut, Ohio, North Carolina, South Caiolina, 
Virginia, Tennessee, Flonda, Kentucky, and Texas. Types of 
schools represented are city, village, and rural, from those with one 
teacher only to those with very large staffs. Table 2 gives the 
medians and Q’s by age and sex groups foi the total scores. Table 
3 gives the peiccntile noims for the total scoies of the gioup of 
801 pupils, since the differences between ages and sexes do not seem 
large enough to wan ant the use of separate noims for each gioup 
Similar tables have been prepared for each of the eight situational 
groups By use of these tables, personality piofiles may be drawn 
as shown in Figure 1 

An examination of the medians shows some inteiesting age and 
sex differences Gills’ scoies aie consistently higher than boys’ 
scores Also, the scoies deciease as the age level uses. Within the 
sex gioups thete aie two exceptions to this gencial trend The 
13-yeai-old boys’ scores aie lughei than the 12-yeai-old boys’ scores, 
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and the 14-year-old girls' scores are higher than the 13-year-old 
girls’ scores, 
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FIGURE 1 
Personality PaoriLEs 


furnish the home-ioom teachei with valuable information concern¬ 
ing the habits of her individual pupils Clues are often discovered 
in this way as to problems of teacher-pupil relationships which will 
be helpful in the handling of child problems. Since diffeient people 
vary in rating the same individual, it is dcsnable to secuie sev¬ 
eral ratings for the same child and to use a composite score in 
order to obtain a more reliable total pictuie of the child’s behavioi. 
There is value in studying all ratings as indicating variations of 
behavior of the same individual in diffeient situations. Variations 
of behavior in different classes may throw light on causes of success 
and failure Clnldien may be rated at the end of each semester 
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and a record kept from year to year of their composite ratings m 
order that variations in progiess may be noted. Profiles similar 
to those given in Figure 1 may be kept foi each child. 

Personality problem cases may be "spotted” by noting pupils whose 
total scores arc below the norm. Fmthei comparison of their 
scores in the different situational groups will help to locate their 
strong and weak points more specifically. The undesirable habits 
of any child mav be located by noting the items with negative 
scores and the seriousness of each habit will be indicated by its value 
on the scoring sheet 

Some research studies in which use is made of the scale are now 
in progress. One of these has as its puipose a study of behavior 
patterns characteristic of adolescent delinquents in older to obtain 
clues for the purpose of locating these cases m their early stages 
Anothei study is concerned with the changes in behavior patterns 
of childicn whose parents legulaily attend paient-study gioups as 
compared with those whose parents do not attend such groups Othei 
studies in progress are foi the purpose of compaung ratings made 
by parents with self-iatmgs made by the childlen of these parents, 
and of compaiing teacher and pupil self-ratings on the same chil¬ 
dren. Another study is concerned with differences in reactions of 
childicn to the home and school situations. 

Summary 

Rating scales have been constiucted for estimating and interpret¬ 
ing the personality development of adolescents in the home situation 
and in the school situation. These scales aie an attempt to help 
meet the need for new educational techniques that has arisen with 
the new emphasis in education upon the development of character 
or personality Emphasis has been placed upon the use of the scales 
for diagnostic purposes. 

The Personality Rating Scale for the Adolescent in the School 
consists of 100 items These items iveie obtained by observing the 
behavior of adolescents and retaining those habits for the scale 
about which experts could agiee fairly closely, and winch wcie con¬ 
sidered bv them to have some significance foi peisonality develop¬ 
ment The items on the scales are in teims of specific behavior 
rather than genetal habits The lehabiUty of the scale is .94, 
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obtained by conelating the odd and even scores of 100 papers, 
Thcie is evidence of the validity of the scale as shown by the fact 
that it definitely discriminates between desirable and undesirable 
personalities in adolescent children 
There is a great need for more experimentation in this field 
Development of chaiacter and peisonality is recognized as a funda¬ 
mental aim in education, but theoiy cannot progress fai without 
techniques which are objective and reliable. Much has been accom¬ 
plished in this field, but there aie still many difficulties in the way 
These are being gradually oveicome and it is piobable that the 
near future will find theories of peisonality development moie firmly 
suppoited by data gathered by the use of reliable techniques in this 
field 
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UNE ECIIELLE POUR EVALUATION BE LA PERSONNALITfi 
ADOLESCENT R 
(lUsumfc) 

On a constant des eclielles ((’evaluation pom estimcr et interpreter le 
ddveloppcment de In peisonnalitf tics adolescents dans lc milieu familial et 
dnna le milieu stolairc On a constant ccs 6che!le9 dans lc but d'aider 
A former les nouvelles techniques micessaircs A cause de la nouvclle impor¬ 
tance donne dans l'educntion an devcloppement tin cnrncteie on person- 
nalite On a nppuye surtout sm Pemploi des dchcllea poui la diagnose 
“L'fichelle pour l’fivn luation de la Peisonnalite de I’AdoIesccnt a 1’Ecole” 
se compose dc 100 parties On a ohtetiu ccs parties au moyen tl’observer 
le comportement des adolescents et de rctenir les habitudes poui 1’^chelle 
n l’6gaid desquelles Its experts ont pti s'accouler et lesquelles, scion cenx-ci, 
ont quclque sigiiifiance dans le devcloppement dc la personnalite Les 
parties des ^chelles sont en tcimcs du compoilenient specifique, plutot qu’en 
teuncs des habitudes gdnemles La constancc de 1’drhclle est de 0,9+, 
obtenue par la correlation des lAsultats pairs ct impairs de 100 papiers La 
validite de I’cchclle sc mcmtcc dans le fait qu’elle fait uiie discrimination 
di5finie erttre les peisonn.ilites desnables et non desnablcs chez les enfants 
adolescents 

Hayes 


EIN MASS FOR DIE SCIIATZt/NG DER JUGENDLICHEN PERSON- 

LICHKEIT 

(Rcferat) 

Man stellte Schafczungsfermulare (scales) auf zur Wertung und 
Dcutung der Person I lchkcitsentvdcklimg bei JngcndWchen mi Heim und 
Schulmilicu Diese Masse (scales) stellcn cinen Veisuch dar, den Bedurf- 
nissen der neuen erzieheiischen Technik cntgcgen/ukomnien, die mit der 
ncuen Betonung in der Erziehung clei Charaktcrbildung oder Personlich- 
keit aufkam. Es wurde der Gebiauch von Masscn (scales) fur diagnos- 
tische Zwecke betont. 

Die "Personality Rating Scale for the Adolescent in the School'’ (Schat* 
zungsformulare fur die Personlichkeit der Jugendhcben in der Schulc) 
besteht ana 100 ein 2 clnen Angaben Diese Angaben wuidcn dnduich 
erhalten, dass man das Verlialten Jugcndlicher beobachtcte und jene Ge- 
wohnheiten fur diese Formularc zuruckbchielt, uber die sich die Sachver- 
standigen ziemhch gut ventandigen konnten, und die von ihnen a Is be- 
deutungsvoll in der Peisonlichkeitsbildung betrachtet wurden Die Angaben 
der Formulare haben cher dm Form spezischer Veihalten als allgemeincr 
Gewolmheken Die Zuveilaasigkeit (reliability) des Masses ist 0,94, ein 
Wert, der durch. die Korrelation dei geraden und ungeiaden Punktzahlen 
von 100 Exemplaren geftmden wurdc Die Gultigkeit des Foimulais ist 
dadurch erwiessen, class es bestimmt zwischen wimschemvertcn unel un« 
erwunschten Personlichkcitcn unter jugcndlichen Kmdein untcischeidet. 


Hayes 
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THE INTELLIGENCE AND EDUCATION OF CHILDREN HANDI¬ 
CAPPED BY CEREBRAL PALSY 
Elizabeth Lord 

For some years interest in educating the crippled child has been increas¬ 
ing, hut only recently has the interest extended to children with cerebral 
palsy Now physicians, psychologists, and teachers are beginning to concern 
themselves with the educational problem that these children present The 
diagnosis of cerebral palsy implies a difficulty, of varying degrees of seventy, 
in motor control This disability may be a negligible handicap or it may so 
involve the legs, arms, and even the speech mechanism that the child has 
practically no means of expression Everyone appreciates the difficulty of 
estimating mental capacity when a child cannot speak or use effectively his 
hands, but in the cases where there is only a mild disability, persons, trained 
and untrained, approach the problem with more confidence and often expiess 
an opinion that canles undue weight In regard to the same child one 
often finds conflicting opinions expressed by persons experienced in the man¬ 
agement of the cerebral palsied; one person believes the child cannot be 
educated in the ordinary academic subjects, while another thinks the child 
has normal intelligence and sets no limits to his educational possibilities. 
Among the cerebral palsied there are a few individuals who, in spite of 
severe physical disability, have successfully completed high school and col¬ 
lege and have even skipped a grade in the process, but there are many 
children wasting hours In a futile struggle toward unattainable goals As 
long as we have no objective data In the form of reliable test results, we 
are reduced to a trial-and-error method swayed by the weight of one per¬ 
son's opinion against another’s Often a doctor after casual conversation 
with the child accepts the patents' point of view that the child is "bright" 
and the child and the teacher may be plnced in an intolerable position If 
through diagnostic tests we can demonstrate the child’s abilities and dis¬ 
abilities we may be able to plan an effective educational program that will 
eliminate a long struggle and inevitable disappointments 
In a recent book, "Mental Deficiency as a Result of Birth Injury," by 
Edgar A Doll (1), the results of mental testing on a group of cerebral 
palsied are presented Of the tests given, the Stanford-Binet rating was 
considered the most satisfactory, "a fair approximation of the true intelli¬ 
gence level." Several of the cases reported by Dr Doll have Stanford 
ratings which classify them in the dull normal group, but, as Dr Doll points 

[ 223 ] 
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out, "the interpretation ol the results must he rendered in terms of clinical 
analysis rather than in terms of numerical interpretation/’ and he further 
suggests diagnostic teaching ns «« illuminating procedure 
With this point of View in mind, it may be helpful to review a few cases 
that were studied and followed through their early years while the problem 
of an education program was acute and tense with emotion 
Case 1 Diagnosis mild ccrebial palsy, extra-pyramidal From the his¬ 
tory we learn that the boy talked late and did not walk alone until seventh 
to eighth year At the first psychological examination when the child was 
ten years old, lie walked with complete independence, talked with some 
hesitation but intelligibly and could use his hands fairly well, that is, Writing 
was difficult, but many children with much less control manage successfully 
written work The nurse who had taken care of him from infancy con¬ 
sidered hun intelligent and the doctoi it charge made no rescivation ns to his 
educability. The mental age (Stanford) = 8 2/12 years IQ-81 
An analysis of the psychological examination presented the following assets 
and liabilities on which to plan a constructive program* 

Assets 

1 Many favorable personality traits Child was cooperative, obedient, 
equable when certain requests were denied, and listened to the reasons given 
for changes in plans showing adequate social adaptability in these situations 
for his age. 

2 Good vocabulary (X-year Bind) used well in ordinaiy conversa¬ 
tion. 

3 Fair success in the field of audition According to the report, he 
appreciated stories for his age when read to him. His recall of n passage 
read approximated expectation for his age He had greater success on 
tests given orally than in any other type of test situation, 

Liabilities 

1 Extreme distiactabibty, During the examination the child was 
mote restless and distractable than most kindergarten children He did very 
poorly in all tests that require a special degiee of concentration, i c , he re¬ 
peated 6 digits (X-year Binet) but could not reverse 3 digits (VH-year 
Binet) He could count forward but not backward from 20 to 1 (VUI-year 
Binet). If his attention was constnntly recalled (invalidating the test score) 
he would greatly increase scores m several tests 

2 Poor visual memory Child could not go beyond the first line in 
the cube imitation test, could not reconstruct Healy A after he had seen it 
completed several times, or draw a very simple design from memory In 
spite of individual instruction for about two years, he could not read a simple 
passage from a primer and after lie had been told such words os "bird" and 
"house” he did not recognize them a few lines later on. Ifc omitted a letter 
m printing his name but did not detect the omission, Although the next day 
he printed his name correctly 

3 Defect in dealing with abstractions. He could count 13 pennies 
but failed simple problems ff the 9iun of the numbers was above S He 
could name the coins hut had no idea of their relative values, 6 was mote 
than 9, etc 
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4 Defect in motor control Although he could draw a straight line 
he could not reproduce the diamond and had very poor memory of motor 
patterns (related to visual memory) The motor handicap involving speech 
placed him at a marked disadvantage in a group of children 

Summary Impression that the child did not have sufficient general in¬ 
telligence and auditory memory to compensate for the poor concentration, 
visual memory defect, and motor handicap Consequently we should expect 
him to have veiy limited progress in academic subjects even under indi¬ 
vidual instruction, The child’s happiness and later adjustment may depend 
in large measuie on developing an interest that is largely independent of 
academic training 

Two years later (making four years of special instruction), although the 
child had been taught undei the direction of a highly expcnenced teacher, 
we found the following situation The boy was not timid with a stranger 
but he lacked the spontaneity previously shown He hesitated before open¬ 
ing his book and he looked definitely perturbed when asked to write his 
name He read glibly from hi9 primer but he could not icad an unfamiliar 
passage in a second-grade leader, confusing simple words and substituting 
words without meaning lie read slightly better when a card was held 
below the line (perhaps there is a muscle imbalance that caused difficulty 
in maintaining steady focu9 across the page) Ills writing from copy was 
more legible, but he wrote “se" for sec repeatedly, and became confused in 
writing his name. He was working on sums within 20 but his answers were 
unreliable and he was still making such mistakes as reversing hia numbers, 
91 for 19 

Case 2 Boy Diagnosis cerebral palsy Spastic When the child was 
first examined at 2 l/2 years, he was talking in full sentences He could pile 
3-4 one-inch cubes (right hand preferied) At the first examination he 
could creep and pull himself to a sitting position but he has never been able 
to take a step alone In the repeated examinations he ha9 always had a 
good vocabulary for his age and answered comprehension questions apptoxi- 
mately at age In the last examinations his Stanfoid ratings have been 
respectively 83 and 82 at 6 4/12 and 7 3/12 years 

For about two months, on two different occasions, while the child was in 
the hospital for intensive muscle tiaining, diagnostic teaching was attempted 
In all situations, including even the meal hour, he showed a marked lack 
of concentration To the casual visitor who might hear him use correctly 
such words as “encephalogiam,” ‘‘special diet," “on piecautions,” it would 
hardly seem possible that he could not be taught to count ieliably above 
five and that he had practically no numbci concept Although he could 
draw a straight line, Vus sense of dncction was so impaired that be could 
not lepioduce a square, and having traced his three-letter name many 
times daily he could not leproduce it below the model, It was our im. 
prcssion that, in spite of the facility in language and the relatively high 
Stanford rating, the child was not educable in the ordinary school subjects 
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During the summer when he was seven sin uncle tried unsuccessfully t Q 
teach him In the following spring the superintendent of school wrote that 
lie had been interviewed by the parents, As the first-grade teacher was re¬ 
lated to the family and knew the case thoroughly lie would take the boy f Qr 
a tnal period m the school He was in school about two months, before 
summer vacation. His teacher reported that he gave no trouble in the class¬ 
room but that he made very Uttlc advance in school work. "This might 
be due in part to the fact that lie entered during the later pan of the year 
and existing classes were much in advance of him. He ha9 enteicd school 
again this fall and Is attempting to nttend during both sessions He has a 
different teacher than he had last year She seems to think that lie is ca¬ 
pable of making some progress" 

Another child who has even greater fluency in language gained at 7 10/12 
years a mental age on the Stanford-Binet of 6 10/12, with an IQ of 87. 
His disabilities are essentially the same as reported for Case 2 The child 
was placed for a few weeks in a hospitnl school for special study which did 
not include a psychological examination, At the end of the pcnod the parents 
were told without reservation that the child’s mentality was in no way im¬ 
paired. After a year of special individual teaching he was again rc-ex- 
amined, He could write his name but, when asked to write other words, 
his eyes filled with tears as he explained, "You see it’s this way, they have 
to write it first and then I copy it and copy it and copy it." 

As the cases of this type multiply find the results of the diagnostic teaching 
are confirmed by latei studies, objective data can lie accumulated, this will 
give a basis for prediction which we do not have at the present time Per¬ 
sons who are planning the educational program of these children should 
spend some time in teaching or should follow closely the wot It of an ex¬ 
perienced teacher working under favorable conditions. In the type of case 
described it is apparently the cliild's power of verbalization which is largely 
responsible for the relatively high rating on the Stanford and the false im¬ 
pression of mental capacity given to parents, fuenda of the family, doctors, 
and even at times to the teacher As long as everyone insists that the 
child’s mentality is not impaired an effort will be made to force the child 
in school work, The teacher will patiently spend an undue proportion of 
time on a child who is not educable along the lines laid down for the class 
and the child copies and copies and copies with a growing sense of inferior¬ 
ity. 


Reference 
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the finger maze as a supplementary test of intelli¬ 
gence FOR BLIND CHILDREN 1 

Ralph V Merry and Frieda Kiei’Er Merry 

During the past twenty years considerable nttention has been given to 
the development of intelligence tests for blind children With the exception 
of a few tests of school achievement, however, practically all effort has been 
centeied upon the adaptation of the Binet-Simon Scale and its revisions 
Sporadic attempts have been made to adapt some of the well-known per¬ 
formance tests, but the results have not been very satisfactory. In changing 
visual tests to tactual testa the experimenter frequently assumes that the 
same abilities are being measured, whereas this may not be the case. The 
finger maze, however, seems particularly well suited to measure the learning 
abilitv of blind individuals, since no special adaptation is necessary to com¬ 
pensate for lack of sight This has been demonstinted in the experiments 
made by Koch and Ufkess (4), Knotts and Miles (3), and by Duncan (1) 
The principal aim of these investigations was to compare the learning abil¬ 
ity of blind with seeing groups, but it was shown, also, that mental age 
correlated significantly with success in maze learning It seemed to the 
writers, therefore, that tests of a maze-learning type should prove to be a 
valuable supplement to existing measures of intelligence for the blind, and 
in order to test this assumption they carried out the preliminary experi¬ 
ment described in this paper, 

The Experiment 

Subjects The experiment was undertaken during the winter and spring 
of 1932 upon 30 children, 8 to 16 years of age, enrolled in one of the large 
eastern schools for the blind Both sexes were represented, but there were 
19 boys and only 11 girls. Their mental ages ranged from 7 years 4 months 
to 18 yeais, with a median of 13 years, 5 months, their IQ’s, from 81 to 
146, with a median of 111 Of these 30 childien 83 pei cent lost their sight 
before the age of five, 33 per cent being blind fiom bath, and an additional 
23 per cent being blinded within the first year of life 

Apparatus The high-relief maze used was the same as that employed 
by Knotts and Miles It is a multiple-T pattern wherein each tiue path 
is balanced by a conespondmg cul-de-sac and is constructed of wire staples 
driven into a board about 18 inches square The paths are numbered to 
facilitate the recording of errors, theie being 10 culs-de-sac and 10 tiue 
paths The high-relief maze was chosen for the present experiment rather 
than the stylus maze, as the former permits direct finger contact, and has 
been shown to be equally difficult for both blind and seeing subjects 


*The waters wish to expiess their sincere thanks to Dr Walter R Miles 
for loaning the apparatus used in this study, and also for his cooperation and 
interest. 
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Procedure The child was seated comfortably at a table of convenient 
height with the maze diiectly in front of him Blindfolding was not con¬ 
sidered necessary ( as no subject had sufficient vision to aid him in learning 
the pattern The child was then instructed as follows* 

“I want to see how well you can solve this puzzle (directing the child's 
attention to the sample pattern on the board) Here is a path which looks 
something like our undeiground tunnel, 3 and yon are to find your way out 
without getting lost, Let’s try it You start here wheie there is one tack 
^E, places child’* finger on correct spot). Follow the path until you come 
to two tacks (E shows child) and then you know you are out” If the 
child went down the wrong path the examiner exclaimed, “You’re lostl 
Now, which way should you go?” Aftei the child had grasped the idea, 
the examiner said, "Over here is a puzzle just like the one you’ve been 
doing, but it is much longer and harder ” Examiner then puts child’s finger 
on the starting-place and says. "Let’s see how quickly you can find your way 
through this tunnel without getting lost If you go down the wrong path, 
bring your finger back on the same path and go in the other direction You 
may get lost n good mnny tunes at first, but you’ll soon learn your way. 
Go ahead” 

Many of the children had a tendency to travel backwards Rfter going 
into a cul-de-sac, and the examiner had to tell them to go forwards With 
few exceptions the children finished in one 01 two sittings One child, how¬ 
ever, required a sitting every day over a period of a week before she 
achieved the criterion of learning, which was three successive correct trac¬ 
ings of the maze. 

Individual records were made of the total number of trials, total number 
of errors, total time, average time per trial, and method used in learning 
the maze. The frequency of the errois made m each cul-de-sac also was 
noted in order to determine its relative difficulty 

Results 

The results given m Table 1 were obtained from the 30 children tested. 


TABLE I 
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Correlations (using the Spearman rank-difference method) between chron¬ 
ological age, mental age, and the various maze-learning scores were com¬ 
puted, and are given in Table 2 


TABLE 2 



MA 

Ti lals 

. Ei rors 

Time 

Av time 

CA 

MA 

Trials 

Errors 

Time 

58± 07 

46± 09 
54± 09 

44±.10 
54± 09 
93± 02 

57+ 07 
61± 07 
SS+,02 
89+.02 

20dr.ll 
21+.11 
— 18± 11 
— 09dfc 12 
22+.11 


The correlations between errors and trials, errors and time, and between 
trials and time all are high and show small probable errors These three 
measures of maze-lenrmng ability are more leliable than the average time 
per trial, which shows both low negative and positive values with laige 
probable errors Mental age correlates more closely with maze-learning 
ability than does chronological age Total time appears to be more closely 
related to mental and chronological age than are trials or criors Out find¬ 
ings in general are in substantial agreement with those of Knotts and Miles 
(3) when allowance is made for the greater variability of the children in 
the present study 

An analysis of the errors made by these 30 blind children m learning 
the lugh-rehef maze (computed according to the frequency of error in each 
cul-de-sac) shows that the cuis-de-sac 17, 7, and 11 are particularly diffi¬ 
cult, while 3, 1, and 19 are relatively easy These findings agree with the 
results of Knotts ami Miles (3, p 39) with one exception They found 
cul-de-sac 9 among the less difficult, whereas number 1 was easier than 
number 9 for our blind children. 

It was sometimes difficult to ascertain the method employed by each child 
in learning the high-relief maze Their answers, however, are tabulated 
thus 



Verbal method 

Motor 

Veibal-motor 

Peicentage of children 

26 66 

66 66 

6 66 


It will be seen, therefore, that the majority of our children incline to the 
motor method of learning, although Knotts and Miles (3, p 43) in their 
study of older blind children found the verbal method to be superior 

Our results do not peimit comparison with previous studies in regard to 
the influence which extent and duration of blindness have upon maze learn¬ 
ing, since 83 per cent of the children in our study lost thetr sight before 
the age of five years 8 The relation between the total number of trials 

fi In classifying our subjects according to age of blinding we used the method 
employed by Hayes (2) 
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required to leam the high-relief maze anti age of blinding was 06+12; 
between total number of errors and age of blinding, 09+.12, and , 01 ± 13 
between total tune and age of blinding Since these correlations are very 
low and their probable errors are high, it appears that age of blinding w 
not of great importance so far as this experiment is concerned. 

Summary and Conclusions 

1 . From our results we believe that the linger maze should be a valuable 
supplement to existing intelligence teats for blind children, particularly be¬ 
tween the ages of 10 and 14 

2 The median maze performance of our 30 cases compares favorably 
With that of a group of older blind children tested by Knotts and Miles No 
norms of accomplishment can he computed, however, until a large and rep¬ 
resentative sampling of blind children at vnrious age levels lias been ex¬ 
amined. 

3. The high mtercorrelations between trials, errors, and time indicate 
that these should prove to be satisfactory measures of maze-learning ability 

4. Mental age (as computed by existing intelligence scales) correlates 
more closely with maze learning than does chronological age 

5 With one exception, the easiest and most difficult alleys in the maze 
were the same for our subjects as for those of Knotts and Miles 

6 The motor method of learning characterized the children in this in¬ 
vestigation, whereas Knotts and Miles, whose subjects were older, found 
the verbal method to be used more frequently, 

7 For the children m this study the age at winch vision is lost seems to 
have no appreciable effect upon maze performance 
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A QUARTER CENTURY OF DELAYED RECALL 1 2 
L. B Hill 

Twenty-five years ago the writer and A. E Rejall, students ui Teachers 
College, Columbia University, learned to typewrite undei experimental 
conditions The experiment consisted of learning to use the typewriter by 
copying daily a 100-word paragraph, and by copying, at the same sitting, 
a page of new material containing 300 words The original data were 
analysed by Dr E L Thorndike and published in the Pedagogical Seminary 
for December, 1913, undei the title “Practice in the Case of Typewriting 1 ’ 
(!)• 

During the four years following the expel iment, 1908-1912, the writer 
had access to a typewriter in the office of a small high school and occasionally 
wrote a few letters For the next five yeais he did not use the typewriter, 
since he had secretarial help In the summer of 1916 he copied a manu¬ 
script of about seventy-five pages Form 1916 to the piescnt time—that is, 
to the beginning of the recall experiment herein described—he has had no 
occasion to use a typewriter since all his wilting has been done by a ste¬ 
nographs He has therefore had no practice whatevei during twenty-one 
of the twenty-five .years that have elapsed from the time of the original 
experiment to the beginning of the present one Such practice as he had in 
the other four years tended to reduce speed for the sake of accuracy. It 
may be claimed that the intervening practice promoted accuracy, however, 
there is little oi no evidence in support of this claim in the recall experiment 
In Decembei and January, 1932-1933, the vvritei attempted to study the 
conditions of iecall of the skill attained in the onginal experiment a quar¬ 
ter of a century ago. Beginning on December 17, lie copied the same 100- 
word paragraph and a 300-word page of new material each day until 
he had attained a skill in the use of the typewiiter equal to and beymnd 
that which he had attained at the end of the original experiment The 
data are given in Table 1 parallel with sections of the data of the original 
experiment i Figures 1 and 2 show the complete data in both expenments 
in terms of words written pei minute The factor relating to errors was 
eliminated by penalizing the experimenter two woids for each error 
An analysis of the data shows that at the beginning of the recall experi¬ 
ment on Decembei 17, 1932, the expenmenter wrote the 100-word para¬ 
graph in 4 minutes and 45 seconds with six eirors, and the new 300-word 
page in 17 minutes and 50 seconds with 41 cnors The average of the first 
four piactices leveals that he was wilting the 100-woid paragraph at the 
rate of 20 4 words per minute (deducting two words for each error) and 


l The writer and cxperimcntei is indebted to Dr Thorndike, author of 
the article on the original experiment, for some of the methods of treating 
the data of the recall experiment. 

2 For complete data on the original experiment see (1) 
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Excerpts from original experiment 
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word paragraph of new material 
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Complete recall data after 25 jears 
Same 100- 300-word page 

word paragraph of new material 
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TABLE 2 

Number of Words Written per Minute—Peductino Two Words for Each 
Error—Same 100-Woro Paragraph 

Onginal experiment Recnll experiment 


1 74 

2 7 6 

3. 7 8 
4 10 7 
5 . 10 6 

6 . 9.6 

7. 115 

8. 11,3 
9 34 8 

10. 13 4 

11 14.9 

12 13 7 

13 15 3 
14. 16 S 
15 15 3 
16. 15 6 

17 163 

18 IS 3 

19, 15,7 

20, 17 5 

21, 16,8 
22. 18,2 
23 19 0 
24, 18.2 
25 16 2 

26. 19 0 

27. 16 3 
28 16 9 

29. 18,6 

30. 22,5 

31. 19 2 

32. 22 3 


33 17,0 

34 20.5 

35, 22 0 

36. 19 6 

37 20.9 

38 22 7 

39, 20 1 

40, 22 1 

41 23 2 

42 23 0 

43 23.0 

44 23 0 

45. 22 4 

46. 22 5 

47 22,5 

48 23 5 
49. 23.5 

50 23,5 

51 27 6 

52, 25 8 

53. 24 3 

54 26 3 

55 28 0 
56, 22 4 
57 27 4 

58, 24.5 

59. 28,2 
60 25 9 
61. 24.2 
62 28.6 


63 29 4 

64. 28.3 

65. 29 5 

66 24 5 

67 28 4 

68 29 1 

69. 29 0 

70. 28 3 

71. 28 1 

72 29 0 

73 28 5 

74 29 3 

75 28,2 

76 33 3 

77 27 0 

78 28 4 

79 29 0 

80 27 7 
81, 29 6 

82 29 1 

83 26 0 
84, 29.9 

85 28 2 

86 30,9 

87 29 0 

88 29 1 

89 26 7 

90 28 3 

91 29 1 

92 23.5 


93. 30 7 
94 26 8 
95. 30 1 

96 30 9 

97 31 3 
98. 29 8 
99 29 8 

100 30 9 

101 27 0 

102 25 6 

103 33 7 

104 27 9 

105 28 2 
106. 30 1 

107 30 5 

108 36 3 

109 36.1 

110 34.7 

111. 35.5 

112. 30,0 
113 29 8 
114. 37 7 

115 30 0 

116 31,0 

117 30 0 

118 35.2 

119 30.9 

120 36 0 

121 37 0 
122. 36.8 

123 34 7 

124 33,6 

125 33 9 

126 37 9 


1, 19,8 

2. 21 4 
3 16 8 
4, 23 7 
S 19 1 
6, 24.0 

7 23 6 

8 28 3 

9 26 2 

10 26 7 

11 316 

12 27 5 

13. 22 4 

14. 26 7 

15 32 0 

16 28.6 
17. 25 8 
18 28 0 

19 26.4 

20 31 0 

21 35 8 
22, 30 8 
23 364 

24, 29 3 

25, 39.1 

26, 32 9 

27, 38,4 
28 33,6 
29. 37,9 

30 40 0 

31 38.7 
32. 39 2 
33 42 6 


the 3GQ-word page at the rate of 14 4 words per minute Since these aver¬ 
ages may be taken to represent the ability of the experimenter to typewrite 
the respective exercises at the beginning of the recall, it may be seen by 
referring to the data on the original experiment in Table 1 that they corre¬ 
spond most nearly to ability which had been attained 25 day 9 after the be¬ 
ginning of the original expeiiment, Therefoie, the experimentci showed 
at the beginning of the recall approximately 20% of the skill he had for¬ 
merly attained at the end of the 126 days’ practice in the original experi¬ 
ment. 

Initial performance shows only one phase of recall It was necessary to 
find the amount of practice needed to re-establish the skill attained at the 
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FIGURE. I 

Curves Showing Improvement in Original anci Relearning Experiments in 
Learning to Typewrite (Same Material) 

Curve A shorn the improvement in typewriting the 100-word paragraph 
in the original experiment 

Curve B shows the recall in typewriting the same tOQ-woid paragraph 
The base line represents the number of days of practice. The vertical 
line represents the number of vvoids wntten per minute 

and SI hours on the 300-word page One-fifth to one-sixth of the time was 
necessary to re-establish the former shill 
Again the amount of practice required for recall may be seen if we esti¬ 
mate the number of strokes (or bodily reactions to stimuli) in the two ex¬ 
periments Approximately 511 strobes are necessary in writing the 100-word 
paragraph Since in the original experiment the paragiaph was written 
126 times, on as many days, 5S,25f strobes wcie necessary to attain the final 
skill To attain the same skill through recall the paiagiaph was written 
26 days during which time the experimenter made 10,220 stiokes, On the 
300-word page of new material he made 187,872 strokes dining the original 
experiment, In order to secure the same skill through lecall be made 
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52,860 strokes, Approximate!/ one-sixth of the number of strokes were re¬ 
quired in relearning each exercise as in the oiigma 1 practice 
After completing the recall experiment the practice was continued for 
seven consecutive days, from January 12 to January 18. Considerable im¬ 
provement may be noted in decreasing time and eliminating errors in the 
IoC-vvord paragraph, and a slight elimination of errors in the 300-word 
new page While the rate of learning is lower because the expeumenter 
is doubtless approaching his physiological limit, he does rot feel that lie 
has reached his maximum skill in learning to typewrite 
The learning cuives for the onginal experiment and for recall present 
interesting conti aats The difference in length and the rapid rise of the 
latter in contrast to the former are the most outstanding Fluctuations from 
day to day are found tn all learning curves They are more pronounced 
in this experiment than in the original experiment In fact, the fluctuations 
from day to day in recall of the 100-word paragiaph are fiom two to thiee 
times as great as in the original learning This fact may be due to the 
tendency of all habits (bonds) to function rapidly m recall when properly 
directed and to function more slowly—even to be antagonistic to each other 



FIGURE 2 


Curves Showing Improvement in Original and Relearning Experiments in 
Learning to Typewrite (New Matfrial) 

Curve A shows the improvement in typewriting the 300-word page in the 
original experiment 

Curve B shows the improvement in typewriting the 300-word page in the 
recall experiment 

The base line represents the number of days of practice The vertical 
hue represents the number of words written per minute 
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when misdirected The absence of the plateau is as evident in the recall 
curves, even when carried seven days beyond the practice necessary, as it 
was iti the original, 

Other factors revealed by an examination of the introspective notes are 
similar in both learning curves At the beginning of the original experi¬ 
ment theie was a strong personal interest irt learning to typewrite, there 
was the desire to discover certain facts about the way the experimenter 
himself learned, there was the desire to find a satisfactory project for 
class woik in educational psychology, and the stimulus to prove himself a 
satisfactory graduate student At the beginning of the recall experiment 
there was a keen desire to discovci facts about his (the experimenter's) 
ability to relearn, to do something that possibly no one else had done, to 
use the data for publication, to determine how much longer it would take 
him to relearn after twenty-five years than it took Mr Rcjatl to relearn 
after four and one-half years 

Elation over relatively good scores, feelings of discouragement at poor 
ones, determination (even to the extent of gritting one’s teeth) to succeed, 
physical condition, ventilation of the loom, occasional interruptions by some¬ 
one's coming into the room or slamming a door or banging the piano, were 
noted; yet these were doubtless minor factois in determining success in 
comparison with those mentioned in the picceding paragraph. 

It is very difficult to discover the most potent factors in bringing about 
both speed and accuracy in "stroking” the keys of a typewriter In both the 
original learning and in the recall a favorable attitude on the part of the 
learner, generated by his belief in the specific value of the thing he was 
doing, confidence in his ability to do something a little unique, and faithful 
practice directed by his best thinking were necessary. After the above 
conditions have been met, the skill manifested through physical activity seems 
just "to happen,” A strong will and determination seem to keep one prac¬ 
ticing, but no amount of sheer willing without practice will secure an auto¬ 
matic reaction to a word when each clement of the word has been reacted 
to separately. 


Reference 

1 Hill, L, B, RejAll, A E, & Thorndike, E. L Practice in the case of 
typewriting Pcd, Sem , 1913, 20, 516-529, 

West Virginia University 
Morgantown, West Virginia 
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SEX OF EXPERIMENTER AND INTELLIGENCE AS FACTORS IN 
MAZE LEARNING A FURTHER COMPARISON OR MAZE 
AND SEX DIFFERENCES 

T C, Scott and E Underwood 

Scott nnd Nelgon (6), in comparing identical patterns of a high-relief 
finger maze nnd an improved form of stylus maze, found the differences in 
difficulty of the two mazes to be negligible, There was also a contradiction 
in these differences, since they existed in favor of the high-relief maze in 
terms of trials and errors and in favor of the stylus maze in terms of time 
They did find, however, a sex difference in favor of the boys in teimg of 
all three criteria, which ranged in significance from 98 chances in 100 to 
practical certainty In attempting to account for this superiority of the bays 
in maze-running ability, the sex of the experimenters was mentioned as one 
possible factor It was stated that girls might be less at ease than boys in 
the presence cf men 

The main object of the present investigation was to test the effect of the 
sex of the experimenter, a second object was to make a further test foi sex 
and for maze differences; and a third was to determine how important a 
factor intelligence was in such maze and sex compansons Underwood nnd 
three other women students acted as experimenters for these 103 subjects 

Apparatus and Experimental Procedure 

The two mazes used in the formei experiment (6) were used here The 
blindfold technique was the same and the expemnental procedure, as a 
whole, was about the same, the only difference being that, since there were 
four experimenters, it was thought best to have moie written and fewer 
oral instructions. In spite of tins precaution, the authors are quite sure that 
a few of the subjects were not properly "broken in,” and there is some doubt 
in regard to some others Some of the difficulties on the part of the sub¬ 
jects, however, appenr to have been beyond the control of the experimenters, 
such as the intiusion of workmen during one cxpenment, the receiving of 
disturbing news from home by one student, and the lack of a proper under¬ 
standing of the instructions in a few cases It might be pointed out, how¬ 
ever, that most of the victims of these circumstances were boys How many 
other subjects may have been disturbed emotionally just prior to or during 
the experiment, the authors have no way of knowing They do know that 
four boys and only one girl gave reasons oi excuses for their poor maze 
records And the question naturally arises whether these subjects would 
have been equally disturbed and would have offeied these excuses had the 
experimenters been men 

Altogether, the records of ten subjects have been eliminated from part of 
the calculations, those of five boys and five girls. The authors feel sure 
that the records of three of these boys should not be included, since there 
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was a visible emotional upset, and are reasonably sure that the records of 
the other two should not be included, They are also reasonably sure of 
three of the girls, but are much less sure of the other two These were the 
next two poorest records of girls and were eliminated mainly to make the 
number equal to the number of boys eliminated Calculations are given for 
103, for 100, and for 93 subjects. 

Results 

The two mazes are compared in Tables 1, 2, and 3. Table 2 is the 
one which should possibly be given most considei ation, since there were 
more reasons for eliminating three hoys than for eliminating any of the 
other seven subjects A similar comparison is found in Table 2 in the for¬ 
mer experiment If these two tables are compared, it will be noticed that 
the results of the present experiment are umfomily lower, that is, better, than 
those of the former experiment, this being most evident in. time This is 
possibly due to the fact that the wiitten instructions were fuller in this 
experiment than in the former. The authors can suggest only two other 
possible reasons for these better scores, and they can be eliminated, First, 
there might be a difference in the level of the intelligence of the two groups 
of students, but that this is not true \s shown later vn the paper (see Table 
10) Secondly, most of these students have come from Scott's classes and 
it might be thought that a student might not do so well foi an experimenter 
who was also his instructor It has been found, however, that those sub¬ 
jects who learned mazes for Scott and those who learned mazes for Nelson 
were of about the same level of intelligence, and have practically the same 
averages on maze scores. 


TABLE 1 


Comparison of Mazes 



Stylus maze 

Finger 

maze 




N= 

=4-9 

N= 

=54 


Diff 


Mean 

a 

Mean 

(7 

<Tdlff 

Vdift 

Trials 

17 51 

9 65 

18 15 

12 97 

2 24 

29 

Errors 


22 37 

39 59 

28 25 

5 05 

12 

Time (sec9 ) 

517 65 

295 18 

739 89 

579 05 

89 39 

2 49 

TABLE 2 


N ; 

=49 

N= 

=51 


Diff 


Mean 

a 

Mean 

V 

Vdtff 

Vdlff 

Trials 

17 51 

9 65 

16 33 


2 0+ 

58 

Errors 


22 87 

35 24 

21 73 

4.46 

i n 

Time (secs) 

517,65 

29518 

660 18 

437 00 

74 32 

192 
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TABLE 3 



N 

Mean 

=46 

u 

N 

Mean 

=47 

a 

<nitt 

Diff 

Cdtff 

Trials 


6 27 

1417 

7 64 

145 

1 06 

Errors 

35 59 

13 78 



2 99 

1.69 

Time (secs) 

505 37 

294 29 

57123 


62 91 

105 


A point to note, however, in the comparison of these two tables is the fact 
that the trends found in the former experiment are also found here That 
is, the stylus maze is more difficult in trials and errors and less difficult m 
time The significance-of-ditference column also substantiates the findings 
m the other experiment, the significance being less for trials than for errors 
or time. This substantiation points toward an actual difference, but it does 
not indicate that a completely reliable statistical difference exists between 
the two mazes 


TABLE 4 

Comparison of Sexes 



51 boys 

52 girls 


Diff. 


Mean 

it 

Mean 

cr 

(Uitf 

CTdlff 

Trials 

18 06 

11 89 

17 63 

11 13 

2 27 

19 

Errors 

40 10 

26 93 

39 67 

24 70 

5 09 

08 

Time (secs ) 

616 45 


651 54 

421 83 

94 57 

37 

TABLE 5 


48 boys 

52 gufs 


Diff 


Mean 

cr 

Mean 

cr 

Wf/ 

°«H It 

Trials 

16 13 

916 

17 63 

11 13 


.74 

Erroi s 

35 50 

19 45 

39 67 


4 43 

94 

Time (secs ) 

524,04 

318 13 

651 54 

421 83 

74 37 

1.71 

TABLE 6 


46 boys 

47 girls 


Diff 


Mean 

tT 

Mean 

cr 

GdlU 

°ai ft 

Trials 

IS IS 

7 75 

14 70 

6 25 

1 46 

31 

Eirors 

33 11 

16 04 

32 96 

13 14 



Time (secs) 

512 20 

308 37 

564 55 

299 99 

63 11 

83 


The two sexes are compaied in Tables 4, 5, and 6 A similar comparison 
is found in Tables 7, 8, and 9 in the former article If these two sets of 
tables are compared it will be noticed again that the subjects in the piesent 
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experiment have, ns a whole, somewhat better records than those of the 
former If, however, the boys of this group arc compared with the boys 
of that group, and the girls with the girls, it is evident that the main im¬ 
provement is on the pmt of the girls In fact, the boys in this group are 
slightly poorer in trials and errors thnn in the former They are better, 
however, in time The girls, then, it seems have become a great deal better 
and the boys have become slightly worse This means, of course, that the 
sex difference which seemed very nearly reliable in the former study has 
almost disappeared. This is especially tiue if Tables 4, 5, and 6 are con¬ 
sidered to be equally important Table 5, however, probably should be 
given most consideration for the same reason that Table 2 above was be¬ 
lieved to be most important of the first three. Table 5 shows the greatest 
sex difference of any of the last three tables, but this difference docs not 
approach reliability. It is about as reliable aa the difference found to exist 
between the two mazes in Table 2 All three criteria in Table 5, however, 
show a difference in favor of the boys, whereas in Tables 4 and 6 time 
alone shows a difference m favor of the boys. 

In Table 7 are combined Tables 5 from the present study and 9 from the 
former, and in Table 8 are combined Tables 6 from the present study and 
8 from the former Tables 6 in the present study and S in the former study 
are the tables from which most subjects have been eliminated The sex 
difference in Table 7 is almost a certainty, while that ia Table 8 ranges m 
significance from about 94 chances in 100 for trials to 99 7 for time. The 
significance for errors is 98 chances in 100, These two tables, then, indi¬ 
cate on actual though not a completely reliable statistical sex difference in 
favor of the boys. 


TABLE 7 

Comparison op Sexes 


95 boys 103 girls Diff 

an a Mean cr cr<n// 


Trials 

15 54 


19 28 

12 19 

1 5+ 

2 43 

Errors 

34 26 

20 18 

43 62 

26 59 

3 34 

2.80 

Time 

5+2,92 

336,49 

734 23 


55.77 

3.41 


TABLE 8 


93 boys 96 girls PilT 

Me an er Mean cr Otliff a <H[f 

Tr5a,s 15 04 8,85 1710 9.11 1.31 1.58 

Errors 33.05 18 62 3S 88 20 10 2 82 2 08 

Tin1 e 537 46 332,73 669 73 339.00 48 86 2 71 
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Intelligence 

Intelligence has not proven to be a factor of great importance in maze 
studies m which college students were used as subjects Hunter (1), War¬ 
den (8), Koch {2), Scott (4), Lumlcy (3), and others have found this to 
be tine The coirelations between psychological tests and maze scores arc 
positive, as a rule, but are low, ranging through the 30’s, 40’s, and occa¬ 
sionally into the 50’s The main reasons for these low correlations possibly 
are, fiist, that the mazes used are rather crude measuring devices, and, 
secondly, that college students are a highly select group Of course, how¬ 
ever, as Spence and Townsend (7) have found, intelligence becomes a 
more important factor in maze running if the subjects, even in as select 
a group as college students, are chosen from the two extremes of intelli¬ 
gence found there, Some of their conelaticns for a small group of subjects 
ran into the 60’s 

Most of the 203 subjects used in these two experiments took some form of 
the Ohio State Psychological Test In the following tables is found a 
comparison of the different maze and sex groups m terms of the average of 
the percentile rankings of the students who took this test, In both experi¬ 
ments the authors did not know what the subjects’ scores were on the psy¬ 
chological test until after they had learned the mazes, so no attempt was 
made to match subjects in any two groups according to ability, 

TABLE 9 

Comparison of Subjects Who Learned Fincer and Stylvs Mazes 

Finger maze —100 S’s out of 10+ in both expeuments averaged 52 09 on test 
Stylus maze— 90 S’s out of 99 in both experiments averaged 59 21 on test 


TABLE 10 

Comparison of Sudjectb in Former and Present Experiments 

Former experiment—94 S’s out of 100 averaged, 55 29 on test. 
Present experiment —96 S’s out of 103 averaged 55 66 on test 


TABLE 11 
Comparison of Sexes 

Men —96 out of 99 avei aged 52 73 on test 

Women —9+ out of 104 averaged 58 28 on test 


TABLE 12 

Comparison of Men with Men and Women with Women 

Men —1st experiment—4-5 out of 48 averaged 52 93 on test 
Men —2nd experiment—51 out of 51 averaged S2 55 on test 

Women —1st experiment—49 out of 52 averaged 57 45 on test 
Women •—2nd experiment—45 out of 52 averaged 59 18 on test 
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Table 9 indicates that the subjects [earning the stylus maze scored some¬ 
what higher than those vyho learned the finger maze This difference was 
much greater in the former than In the present cxpci nncnt, yet the com¬ 
parisons of the two mazes weic prncticnlly the same in the two experiments. 

Table 10 shows that the level of ability of students used in the two ex¬ 
periments was about the same, In addition, Table 12 shows that both 
men and women in the present experiment were of about the same ability 
as in the former It does show, however, along with Tabic II, that the 
women average higher than the men on these psychological tests And 
since the men, as a whole, are bettei maze subjects than the women, intelli¬ 
gence as a factoi of major importance would seem necessarily to be ruled 
out, In fact, intelligence would not seem to have been a factor of any great 
importance in any of the comparisons offered in Tables 9, 10, 11, and 12 

Sex of Experimenter 

Whether the sex of the experimenter is a factor in the maze-iunning abil¬ 
ity of students is a question which cannot be answered jiositively from the 
evidence at hand Whatever answer is given m this discussion must be 
given in terms of how the sex of the experimenter affects the significance 
of the sex difference of the subjects in maze-learning ability If Table 5 
of the present experiment is compared with Table 9 of the former, we find 
that a woman experimenter reduces the chances of there being a significant 
sex difference m favor of the boys in terms of trials from 99 5 chances in 
100 to 77; in errors, from 99 9 to 83, and in time, from 100, or certainty, 
to 96 And if Table 6 in the present experiment is compared with Table 8 
in the former, a woman experimenter changes the chances of the boys’ 
being superior in terms of trials from 98+ foi boys to 62 in favor of girls; 
in errors, from 99 5 for boys to 52 in favor of girls; and in time, from 99 9 
to 80 bath in favor of bays Table 6 in the present and Tabic 8 in the 
former experiment are the tables from which most subjects have been elim¬ 
inated 

Some slight evidence in regard to the effect of the sex of the experimenter 
may be obtained from a consideration of the sex of the subjects in the two 
experiments who seemed most eligible for elimination Of the fom in the 
former experiment, an experiment in which men were the experimenters, 
three were girls and the one boy who was eliminated was not eliminated 
because of any undue emotionality, but because of Bheer stupidity On the 
othei hand, the three subjects who were most eligible for elimination in the 
present experiment, an experiment in which women were the experimenters, 
were boys, And two of the next three or four most eligible ones were boys 
also 

More evidence in regard to the presence of an actual sex difference in 
maze-running ability and in regard to the effect of the sex of the experi¬ 
menter has been obtained by Scott and Hennmger (5) (men) in a com- 
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parable maze situation in which 27 male and 23 female college students 
acted as subjects The sex difference found was practically the same as 
that found by Scott and Nelson The boys were superior throughout. The 
significance of difference for trials was 97 chances out of 100, for errors 
93, and for tunc 99,6 That this superiority of the boys once more was not 
due to a greater level of ability as measured by psychological tests is in¬ 
dicated by the fact that the average ceotile for the boys was 42 while 
that for the girls was 54 This superiority of the boys has shown up in 
two groups which substantiate each other and total 150 subjects This leads 
one to believe that there is an actual though not statistically reliable sex 
difference That this superiority of the boys, however, is much less evi¬ 
dent, or, in fact, has just about disappeared in another group of 103 sub¬ 
jects in which the cxjie rim enters were women, is evidence that the sex 
of the expenmenter is a factor in maze-running ability 

Summary 

1. Four women experimenters, using t03 S’s (51 boys and 52 girls), 
found practically the same slight trial-and-error difference in favor of 
the finger maze and about the same time difference in fayor of the stylus 
maze as were found by Scott and Nelson, 

2. Sex differences have almost disappeared except in Table 5, where 
they are not reliable However, when the results of two of the three sex 
tables in the present study ore combined with those of similar tables in the 
former, sex differences in favor of the boys approach practical certainty in 
significance (Tables 7 and 8), The same is true of sex differences m a 
third study cited, in which men were the experimenters 

3 The fact that the girls in the present study were much better and 
the boys were slightly worse than the respective sex groups in the former 
study is offered as evidence that the sex of the experimenter is a factor in 
maze-learning ability Further slight evidence of this mny he obtained from 
the fact that three of the four worst subjects in the former expenment were 
girls and five of the seven or eight worst ones in the present experiment 
were boys 

4 Intelligence as a major factor in maze-learning ability is ruled out 
by the fact that in all three experiments cited, in which 253 subjects were 
used, the girls averaged higher on the psychological test and yet had poorer 
maze records than the boys 
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A CONVENIENT UNIT FOR A VARIABLE ANIMAL MAZE 
L B f-IobiNGTON and M O. Wilson 

The need for a variable maze is frequently felt by anyone doing exten¬ 
sive work with maze pioblems Such a maze is sometimes dcsuable for 
human subjects, but it is especially so for animals Various mazc9 of this 
kind have been described and, without attempting to be at all exhaustive, 
we may divide them into three types {a) mazes which arc built up of 
tyall-units, as described by GcngerelH (1) and Valentine (5) , (J) mazes 
which are composed of compartment-units, as illustrated by the Columbia 
maze (6), the maze described by Liggett (2), and the inclined-plane maze 
designed by Ruch (4) , and (r) mazes which are made up of elevated units, 
89 described by Miles (3), 

The maze herein described is of the wall-unit type It has been used in 
the University of Oklahoma Laboratory for the past two years and has 
proved quite satisfactory , 

The wall-unit The unit used in constructing the walls may be cut from 
any kind of wood which will not warp Bass-wood is best, blit white pine 
19 very satisfactory The dimensions of the unit depend upon the depth 
of the maze and the length of segments in runways and culs-de-sac desired 
The Oklahoma maze is 6" deep with runways +" wide and of various lengths 
The unit is A piece of white pine, Y*' x (>" x S”, several examples of which 
are shown in the assembly of Figure 1. (If a laigci unit is desired it must 
be Yi' thick but may be as wide and as long as desued, the length , however, 
should be a multiple of the width of the runway adopted ) A few mis¬ 
cellaneous pieces of 3", 4", and 12” lengths may prove necessary for con¬ 
structing entrance compartments, food compartments, doors, and the like 
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FIGURE 1 

RiI'Roducjion or an Assijvibia or P-iiirs Illusthat)no the Usr oi v Proposed 
Wud-Unii in mr Covsi ruction or a Variable Ma7L 
(See te\c ) 

A 5/32” hole is bond at the centez of each piece Y> u fiom each end foz 
holding the metal stups which join successive units If units widei than 6" 
are needed, it may piove advisable to have two holes at each end to pic- 
vuit megulnzities in alignment Ilowcvei, if moie than one hole is used, 
the holes should he equally spaced fiom the sides so that the unit will he 
reversible, end foi end and top foi bottom In picpanng the units much 
care must be taken to get them all exactly the same width and length and 
perfectly squaied at the ends, and to get the holes ccnteicd at exaclK 1 Y‘ 
fiom each end, at equal distances fiom the sides and at light angles to the 
surface, 

Pt’tfot(tied stups The wall-units ate joined In pufoiattd metal ships 
bolted on the oulei side The ships aie Yz wide, slightly less than 1/32" 
In thickness and have 5/32" pczforauons at Y/' inlcivals Almost any length 
from 1" to scveial inches mas he seemed hut foi most maxes (he following 
lengths will be needed l" (3-holc) stups for joining two units an a straight¬ 
away, lunging doois, making stops foi doois, michoiing the walls to the 
flaoi, etc ; stups 1Y" long (4-liole) for joining units at coiners, 7" (H- 
hole) stups foi tung two opposite walls logethei wheie theie i>> consideiahlc 
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strain oi picssurc ninth niit^hC cause the nails to spiead These stops may 
he secured fiom the Meccano Company of Amcucn, Inc, New Haven, 
Connecticut, or their distnbwtois 

Simvs A suppl) of machine scieus, 1 s” t 1 i", With nuts to ht them, iS 
needed in bolting the stnps to the wall-units I lie heads ot these screws 
should be on the inner side of the unit with the nuts against the peifoiated 
strips on the outci side, fiv applying a little foice with a flat wtench, 
the bolts can be dmwit up Hush with the innei sin face of the wall so as to 
obviate any distinction within the mnwai A few Hat head Vj" wood 
screws aie also needed to seemc the peifoiated stnps when used ns braces, 
stops, hinges, anchoi s, and ceitam types of comci hi ace Assoitcd lengths 
of wood screws may also be needed foi other put poses, depending upon the 
necessary parta needed 

Assembling Most of the details invoked in assembling the maze-parts 
are shown in the accompanying tigme The wall-unit is illustiated paitieu- 
larly at I<\ 'I is an entmnee (loot lunged at the top at B by means of wood 
screws passing through the walls at the side and small metal washers which 
serve ns bushings B also shows the use of a perloiated metal stup for 
tying two opposite walls togcthci , C is a 3-holc metal stup bent at a right 
angle and seemed with a machine screw which selves as a dooi stop; D is 
a 3-ho!e stup bent at a light angle and seemed with a machine sciew and 
I/ 2 " wood screw which joins tivo units at an inside coinei, E Is a 3-hole 
stiip held by two machine scicavs and joins two units on a stiaightaway, 
G is a 3-hole stup bent at a light angle and held 111 place by two wood 
screws which anchois the Avail to the foundation 01 (looi on Avinch the maze 
iests, and // is a 5-holc stup {though a +-hoJc strip ivill suffice) seemed by 
two machine scre\A s ay Inch joins two units at an outside coiner 

The floor ot the maze is the top ot the table 01 plalfoim oil which it 
rests It is usually advisable to ht the mmv.iys Avilh stnps of linoleum, 
Avhich facilitate cleaning and give a moic miitoim nmning-siufacc The 
Avails should be .inthoied to the plntfoim at intcivals as aa a s described 
above 

Doors may be of tAvo types, lunged 01 sliding Foi a hinged dooi, a piece 
of the Yz" pine cut to the propci dimensions is satisfactaiy It may be lunged 
at the top, bottom, or side hy means of metal stnps of the piopei length 
and bent at the piopei angle, depending upon the 1 elation of the dooi to the 
Avail A\hich is to support it Foi sliding doois one may use eithei a section 
of the white pine tunning in grooves shaped fiom sheet metal 01 a section 
of sheet metal 1 tinning in giooAes cut in opposite Avails of the maze In 
either case, it is geneially advisable to pi event the sliding dooi fiom coming 
closer than r /j" to the Hoot so as to pi event pinching the tail of the animal 
when the dooi is closed Suppoits may be elected at the sides of the maze 
to Avhich pulleys can he attached foi opciatmg the sliding doois 
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The cover of the maze may be either wire netting or glass, with openings 
for the sliding doors If one so desires, the maze may be 10* or more in 
depth, in which case no cover is ordinarily necessary for white rats 
The advantages of a maze made up of these units are numerous* 
a It can be adapted for use as a labyrinth maze with runways and 
culs-de-sac as wide, as long, as deep, as devious, and as numerous as de¬ 
sired Almost any two-dimensional pattern can be duplicated It is especi¬ 
ally adapted to lateral 01 longitudinal reversibility, as it can be turned bot¬ 
tom upward (since it has no floor), tuined end for end, or knocked down and 
rebuilt 

b It can be used in the form of a discrimination box and the inter¬ 
changeability of its paits facilitates the study of various sensory controls 
c It is easily cleaned, since the anchors can be released and the whole 
maze lifted about 

d It is very economical, since its initial cost is very low, since it can be 
assembled by anyone with minimum mechanical experience, and since the 
units can be used repeatedly in various maze patterns 
c. It can be knocked down and the units stacked flat in bundles for 
storing (As a precaution to prevent warping of the units the bundles 
should be weighted ) 

It has at least two disadvantages when compared with some other types 
of unit maze. 

a It is not as strong and rigid as a maze which ha9 its own floor How¬ 
ever, after a maze is once set up in place theie is usually little need for 
rough usage and abuse 

b More time is needed for assembling than for a maze made of com¬ 
partment units However, its flexibility greatly outweighs this disadvan¬ 
tage 
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THE SPEED OF PUPILLARY CONTRACTION IN RESPONSE TO 
LIGHT IN PIGEONS, CATS, AND HUMANS 

Ralph H Gundlach 

A senes of experiments on the problem of homing in pigeons has led to 
a consideration of some of the characteristics of vision in that bird The 
sense of sight is indicated, largely by negative evidence, as the chief guide 
to the homer (Warner, 6, Strong, 5, and Gundlach, 2, 3), If vision is 
of such importance, its mechanisms we should suspect must be of very 
high class This proves to be the case with the speed of the pupillary 
reflexeB of the pigeon 



FIGURE 1 


The eyes of the various subjects employed were photographed on 16-mm 
motion-picture film 1 The general pioccdure consisted m setting up the 
camern on a table 2 ft from the point where the subject’s eye was to be 
held Two 100-watt lamps Were placed on either side of the camera, one 
22 in, and the other 28 m from the object The lights weic contiolled 
by a silent switch The mntenal was assembled in a room that had no 
windows The room was not dark, however, as the door was usually left 


l The camera used was kindly loaned by Professor Gross from the equip¬ 
ment of the Department of Physical Education for Women 
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portly open No attempt was made to get the eyes totally dark-adapted. 
The subject's eye would be placed for photographing, the camera would be 
Btarted, and then the lights would be turned on for some time. A number 
of exposures with certain variations m technique were employed with each 
subject Since the lights could not be timed accurately with the beginning 
of an exposure, the hist frame of each senes usually shows some fiactional 
amount of exposure A slight erior in time measurement is thus introduced 
Eight light-eyed subjects were U9ed three humans, three pigeons, and 
two cats The developed film was inspected and the pupillary sizes of the 
various eyes measuicd under the microscope The measurements are not 
perfectly accurate, The repicsentation of the pupil on the film never 
exceeds 02 in in diameter, and descends to less than one-fifth of that size 
The outline of the pupil under the micro scope is often blurred and fuzzy, 
and in seme cases distorted by the image of the reflection fiorn the point 
sources of illumination The average of scveial dcteiinitiations, however, 
is probably quite accurate. The data for each of the different classes 
of animals are graphed in Figure 1 The curve for the three human sub¬ 
jects includes IS exposures There aie 26 exposures averaged for the 
three pigeons, and 7 for the two cats The differences between individuals 
of the Bame class were limited almost exclusively to pupillary size Group¬ 
ing the subjects makes piactically no difference with respect to pupillary 
change as a function of time A minor exception will be mentioned later 

A glance at the curves shows that the eyes of the pigeon are accommo¬ 
dated before the human eye even starts to change The eyes of the eats 
probably start changing almost immediately, but they continue to adjust 
at least for 2 sec. after the lights are turned on Let us consider the data 
for each class of animal in turn, 

In 15 of the 26 senes with the pigeons, the animals closed apparently 
the nictitating membrane (1, 4, 6) Two of these closures occur in the 
first exposed fjame of the senes. This indicates a remarkably fast 
reaction-time for the muscles conti oiling this membrane Eight occur in 
the second frame Three of these are continued into the third frame. 
The remaining 5 all occur during the exposuie of the third frame When 
the eye is thus "closed” the pupil can still be seen pictuied on the film 
through the membiane, but the outline is too diffuse to measure In many 
of the frames the pupil of the eye of the pigeon seems oval in shape, at 
about a 15-to-lS ratio This may have been due to changes in the axis 
of vision, but I believe that it lepresents an actual condition, and one that 
can be observed with the unaided eye when a pigeon focuses an object 
that is near and in front of it The different sets of exposures with the 
pigeons show a high consistency. Practically none of the measurements 
of a given pigeon vary as much as 3 units from analogous frames in other 
series No such reliability occurs cither with cats or with humans Fur¬ 
ther, in 14 of the exposure sets the pupillary accommodation was completed 
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by the second frame. In the others there were slight changes as far as 
the third or fourth frame The smallest pupillary size developed when 
a spot of light from a flashlight was played upon the eye of a pigeon The 
pupil then measured about 035 to 0+ in. in diameter The extreme rapidity 
and consistency of reaction m the iris of the pigeon may be attributed to 
the striated character of the muscle. Slonaker has shown that both the 
iris and the ciliary muscle in the spa now ate striated (+), and this doubt¬ 
less holds true of the pigeon 

Both of the cats, upon their first exposure to the lights, closed and opened 
their eyes three or four times in the first 2 sec. of photogi aphhig This 
blinking was rare on fuither exposures, even though the cats struggled a bit 
to turn away from the lights As with the human subjects, the pupil of the 
eye was larger on the first seues than on the subsequent ones This might 
be due to residual effects from the preceding exposures, lather than to 
any practice effects. The more rapidly adapting pigeon’s eye would not 
show residual effects under the conditions of this experiment The iris 
of the cat at the first frame m each senes of exposures is quite round, 
but becomes ovaf in 6 to S frames The size of the pupif on the first frame 
of each series could not be well determined because practically all of the 
exposures had insufficient illumination The first value in the plot for cats 
is not very reliable Due to the head-turning and squinting, measurements 
of the vertical extent of the pupil arc virtually impossible early in the 
series, and even the horizontal extents may be slightly in error Two 
exposures, however, lasted 3 5 and AS sec, and at both the 50th and the 
70th frames the pupil had reached a size of 10 units horizontally and 20 
vertically (approximately .06 x 12 in.) 

For the three human subjects there were in all 15 exposures, and in no 
case did any blinking or winking 9how in the film. I do not know that 
any of the subjects did wink As with the cats, the first series for each 
subject gave a consistently larger pupil, by about 5 units at all readings 
for the first S to 12 frames Again, like the cats, the two eyes were often 
uneven in pupillary size. It is to be remembered that the two lights U9ed 
for illumination were asymmetrically placed Great individual differences 
in pupillary size occurred with the humans on the fiist frame of each 
exposure series, although by the end of 15 or 20 frames the greatest differ¬ 
ence was about equal to that between a pair of the pigeons, namely, 
5 units. 

In conclusion, this investigation shows that the iris of the living pigeori 
can adapt itself to a sudden and intense increase in illumination in 06 
to 12 sec Under the same conditions the human nis does not start to 
change until after at least 12 sec, and only nppioaclies stability after a 
full second The iris of the cat starts to react more quickly than that of 
the human, but continues the process of adaptation much longer 
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AN ANECDOTE ILLUSTRATING “DISGUST” IN A DOG 
Ralph H Gundlach 

In a test of the James-Lange theory of emotions, Sherrington observed 
and reported "disgust” on the part of dogs even after tiansection of the 
spinal cord when they were offered dog meat (3, pp 26t fF,) Two recent in¬ 
vestigators have repeated this phase of Sherrington's work, and both report 
somewhat different results with norma! animals, They find that some dog9 
will eat dog meat at once, and that all or most others will reject it for a 
time only; but, further, they find that some of those that Teject dog meat 
also reject other sorts of food Maslow concludes (2) that the emotion 
of disgust has not been shown in dogs, and Girden concludes (I), in the 
same vein, that aversion for dog meat is far from uncommon 
It appears to me very strange if clogs can generalize the species charac¬ 
ter of the odor of dog flesh and can recognize it ns their own, It seems 
more plausible to suppose that dogs, as most creatures, become habituated 
to certain kinds of foods Some material new and stiangc to the adult 

may eventually be treated as food, but it may well be treated with con¬ 
siderable diffidence at first. This seems to be the typical behavior of the 
dogs reported by Maslow and Girden It would have been interesting to 
try some of the dogs tieated in these experiments on dog meat with, say, 
whale meat, smoked or frozen salmon, snake, or the like The idiosyncrasies 
of food habits in dogs and cats is a common source of table conversation 
Such an idiosyncrasy occasions my story, which, I trust, adequately illus¬ 
trates the emotion of disgust in a dog I was living one summer on a 
mountain top in a tent A pack triun established me, but replenishments I 
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had to pack in from a town 8 miles distant. As ft consequence I had little 
meat A young setter pup was with me, lie soon grew to dislike much of 
the food I could provide him His rations consisted of oatmeal and canned 
milk, and “bannock"—n muffin batter cooked as a big thick pancake—gar¬ 
nished with a little ham or bacon The dog would eagerly await breakfast 
and would eat his mush at tunes With some ldisli, especially If some meat 
was flaked up in it, But he would not fill up upon such food when the 
aroma of burn or baton still filled the air So be would sit and occasionally 
beg as I ate breakfast. Sometimes I would toss him a morsel The emotion 
of "disgust" would be amply demonstrated if the moisel turned out to be a 
good hunk of bannock 

The dog would catch the food as I tossed it to him But if it was ban¬ 
nock he would spit it out onto the pine-nccdle-and-dirt floor Typically, he 
would then gingerly nppioach it, and sniff Then he would exhale with 
considerable vehemence, shake his head, sneeze, wrinkle up his forehead 
between the ears, the next step would consist in attempts to biuy the odor 
of the bannock That is, he would thiow dut ovci the food with lug paws, 
or more often with his nose, and then ease up to it to smlf again, But the 
smell would still be there, and he would snort with a snapping shake of 
his head and vigorously attempt to bury the pancake again and again 
Finally, he would give up the attempts at local bmial, and icach for the 
food with his teeth. With Hpa drawn far back, head extended, nose wrinkled, 
he would pick up the bite, glance about the tent, and then very carefully, 
and with a seeming bated breath, maich out of the tent nnd away to a big 
rock slide There he would drop the cake, agnin snort (to clear his nose 
of the odor?), and sometimes he would shake somewhat a9 a dog does 
coming out of water Then back to the tent he would come prancing, head 
and ears and tail up, seeming thoroughly pleased with himself 
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the second psychological expedition TO CENTRAL ASIA* 

A. R Luhu 

The second psychological expedition to centi.il Asia, which took place in 
the summer of 1932, had for its aim extension of reseniches which were 
undertaken by the first expedition in 1931 The fundamental aim was to 
study those peculiarities of the psyche which are the result of various his¬ 
torical conditions and to trace out the fundamental laws in development 
of psychological processes In this respect central Asm is of exceptional 
interest on account of the lesiduals of primitive economic conditions which 
arc now undergoing tremendous industrial, political, and cultural tians- 
formation, This change gives opportunity for studying not only the 
peculiarities of psychological processes under various conditions but, what 
is moie important, the very dynamics of the tiansition from the more ele¬ 
mentary psychological laws to the more complex processes Just as in the 
first expedition, the study was undertaken in the region of Uzbekistan in 
which were especially chosen the more primitive kishlaks districts as far 
as their economic, cultural, and social conditions were concerned, such as 
the Kishlahs of Shnhimardnn and Jordan, and the grazing kirgiz lands in 
the Altai Mountains, as conti asted with the Kisbiaks of Pnlman with a 
thorough collectivization, well-developed cultural work, and high industrial 
organization. 

In contradistinction to the fiist expedition, not only the adults were studied 
but also the kishlak youth on whom the cultural changes must have made a 
special impression In the second psychological expedition the following 
took part 

Professor A R, Luna, Director of the Expedition 

Professor K Kofffca (Smith College, Northampton, Mass ) 

Piofessor P I Leventuclf of Samarkand 

Docent F. I Shemyahin of Moscow 

Docent A. I Kaminina of Samarkand 

Assistant E H Mordkovich of Moscow, and a group of Resealch Fellows 
of the Uzbek State Academy of Education: G Ashrafi Bagautdinov, 
Mangushova, Nugmanoff, and Ussmanoff 

The expedition was organized by the State Psychological Institute of Mos¬ 
cow, the Psychological Section of the Ukrainian Psychoneurological Academy 
of Khaikov, and the Department ot Education of the Uzbek Pedagogical 
Academy The expedition was also backed by People’s Commissariat of 
Education of the Uzbek Socialist Soviet Republic and the Government of 
Uzbekistan. 

The immediate aim of the expedition consisted in the further study of the 
system of thinking -which is characteristic of primitive societies, the develop- 

*Translated from Russian by Dr. J Kasanin and Dr F L Wells 
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ment of the psychological functions in their thinking, and in the pointing-out 
of those changes which this thinking undergoes in social and cultural trans¬ 
formation connected with socialistic growth In the nccount of the first 
expedition it was shown that in the pinnitive community life one finds a 
specific system of thinking which is characterized by its own structuie, and 
by a different role which speech takes in it, A fact was noted that the main 
function of this thinking is not the foimntion of abstiact connection and 
relationship between symbols, but lcproduction of whole situations, whole 
complexes closely connected with specific life expciienccs, it was pointed 
out that separate psychological operations, such ns mcmoiy, compaiison, 
generalization, and abstraction, arc formed in this type of thinking quite 
differently, and that, with the change of economic conditions this situational 
or complicated thinking veiy quickly becomes changed, giving place to other 
more complex forms of thought. It was the aim of the second expedition 
to study m more detail the characteristics of the structuie of the “situational" 
thinking and its various functions as well as to study those paths along 
which the transformation of the situational thinking takes place by the de¬ 
velopment of thought into concepts under the influence of such new molding 
forces as collectivization, cultural development, Iitcratuic, etc. In this field 
the following problems were undertaken* 

1 Piofesjor A R , Luna in cooperation avith Bagautdinov—The struc¬ 
ture of situational thinking and the lines of Us modifications . The woik was 
devoted to two fundamental problems, On one hand, thcic was an experi¬ 
mental study of the formation of vmlous intellectual functions in situational 
thinking, The formation of logical conclusions, absti action, geneiahzation, 
and classification were studied in a seiies of experiments, and it was estab¬ 
lished that ail of these have their specific peculiarities which sharply differ¬ 
entiate situational from categorical thinking Being involved in everyday 
practical life, it operates to a large extent with leady-madc things and actual 
situations rather than conditioned symbols It reproduces more completely 
the connection between things entering into the general situation instead of 
the establishment of logical categorical relationships It brings things under 
the same denonunatoi instead of generalization along definite rules It gen¬ 
eralizes by approximating things At the same time, one finds ready steps 
toward conceptual thinking, which develops very rapidly under the influence 
of cultural and social stimuli In this development a very impoitant part is 
played by speech, which receives new intellectual functions 
A second problem was the study of the extent to which it is possible to 
have thinking in isolated compartments not connected with immediate ex¬ 
periences, By q series of experiments it was established that, while reason¬ 
ing connected with an immediate situation runs through, without any diffi¬ 
culties, the same reasoning removed fiom actual situation and transferred 
mto a purely artificial system becomes extremely laboicd or altogether im¬ 
possible, such as, for example, when problems have to be solved in con- 
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nection with purely artificial netting, etc, or the reductions from the oppo¬ 
site In this respect theie was a definite difference in the individuals on 
different levels of cultural and social development 

2. Professor Kurt Koffka, together with G Ashrafy—Investigation of 
perception in various historical cultural phases The following results may 
be considered as proved* With very few exceptions the men and women 
examined by us succumbed to the optical illimons— of which a great vmiety 
was shown—just as we do Quantitative measurements of the Muller- 
Lycr and Poggendorf patterns yielded a slightly smaller amount of these 
illusions than control experiments with European psychologists The ex¬ 
ceptions, which were very rare in tins expedition, but had been much more 
frequent in the first, are easily explained by the attitude of the testees 
towards the experimenter, Naive, social subjects who treated the experimen¬ 
ter on a footing of equality and did not regard the experiment as a test of 
their ability had the illusion without exception Only when the subjects were 
suspicious, staung a long time at the patterns before making their judg¬ 
ments, the illusions failed to appear with some though by no means with 
all patterns, in accoi dance with well-known facts 

Similarly, it could be proved with several very simple figures like Mach's 
book, Neckcr's cube, Schroder's stauedse, that plane perspective diawmgs 
may compel the perception of a tridimensional object. If the pattern is more 
complex and has greater representative value, the intended tiidirnensional 
effect, as a rule, does not appear, although we see these figures as tridimen¬ 
sional. Thus the opposite report of previous investigators can be explained, 
according to which Uzbeks, not reached by modern culture, cannot perceive 
perspectj ve 

Transformation in the organization of a chess-board pattern was always 
performed, though sometimes with difficulty The Kchts test manifested 
great, but not insuperable, difficulties in the abandonment of the onginaliy 
perceived form * 

3 Professor P Leventueff, together with Assistant Alangushova —/«- 
vestigation of causative thinking and Us historical development. This prob¬ 
lem was started dm mg the first expedition In the second expedition the 
work began by an attempt to clarify the process of causation in empirical 
and theoretical thinking, and the function of speech in understanding of 
causation and to investigate processes involved in understanding of farhiliar 
situations as they become broadened into ideas about unfamiliar objects 
Special experiments were devoted to causation as perceived in situa¬ 
tional thinking and the stages of development in the structure of reasoning 

4. Docent F r H Shcmyaluu, together noth Assistant Nugmanoff—The 

‘'Translator’s note These conclusions were sent directly to us by Profeasor 
Koffka 
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undet standing of symbols in situational thinking. The Teaqarch was de¬ 
voted to the clarifying of how complex meanings are understood in situa¬ 
tional {complicated) and perceptual thinking, The investigation included 
tin understanding of comparisons, metaphors, proverbs, and fables with 
an analysis of the structure of the process of understanding their meaning 
Difficulties were described which were encountered in complex thinking 
when the subject is confronted with the problem of understanding of sym¬ 
bolic speech. This investigation points to the fact that in preparing a text 
for the illiterates, os well as lectures for people living on a primitive cul¬ 
tural level, one must understand the peculiarities of complex thinking, and 
avoid those expressions which might be misinterpieted in such thinking, 
A special “Arbeit” dealt with the appreciation of humor in complex think¬ 
ing It was learned that the appreciation of humor in complex thinking, 
as well as in the active technique, contains certain special features As a 
result of this, it was learned that certain common devices usually employed 
in milking jokes, which arc connected with substitution of meanings rathci 
than situations, nre beyond reach of certain cultural groups 

5 /Issiftant E N Mordkovic/t ■—The understanding of a poster and its 
meaning in situational thinking The problem consisted in the analysis of 
how the meaning of the poster with its symbolic meanings is understood in 
complex thinking It was established that a great deal in the symbolic 
posters was understood differently by the primitive cultural groups than by 
the urban groups 

6 Docent A. A Ussnia/toff, togcthei with E II Mordkovich—Operations 
of counting in complex thinking In an investigation of simple operations, 
which began in the previous expedition, the following problems came up the 
understanding of numbers and sequence of numbers, the structure of four 
species in connection with the older counting operations (a scale of 5, and a 
scale of 20), and the ratio3 The primitive ways of measuring and count¬ 
ing were studied 

The material obtained in the two psychological expeditions to Central 
Asia established certain peculiarities in the structure of thinking and the 
special psychological process at various stages of cultuial historical develop¬ 
ment It outlined those lines along which wc have the development of psy¬ 
chological processes in a changing environment, largely chaiacteiwcd by 
ever-incieasmg economic and industrial complexities Further work in the 
analysis of this material, as well as a comparison of experiments in the 
villages as contrasted with the factory, would go on in a special division 
In the Moscow Psychological Institute devoted to the study of development 
of the psyche The control investigation of structure of thinking in the dis¬ 
integration of psychological processes would be concentrated in the division 
of Normal and Pathological Psychology of the Psychological Sector of the 
Ukrainian Psychoneurological Academy in Kharkov The further work in 
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the Study of the development of thought in the Uzbek child would be con¬ 
ducted by the Pedagogical Faculty of the Uzbek State Pedagogical Academy 
in Samarkand The works of the first and second psychological expeditions 
will be ready for press and prepared for publication by Professor Luria 
within the next year. 

Medico-biological Institute 
MaskoWj USSR 
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H. Kluvbr Behavior Mechanisms m Monkeys. Clucago: Univ Chicago 
Press, 1933 Pp. xvii+387 $4 00, 

The scope of this monograph is much bioadcr than its title might indicate. 
While it ostensibly deals with the behavior of a small group of monkeys, 
the monograph nctually envisages the whole methodological and theoretical 
framework of animal psychology. The author intioduces a new and some¬ 
what ingenious technique foi the investigation of sensory and related pro¬ 
cesses m pumates, a penetrating analysts of ceitain types of discrimination 
in monkeys, with special emphasis upon the problem of equivalent stimuli; 
and a critical examination, in the light of data obtained with monkeys, of 
such psychological problems as abstraction, generalization, intelligence, 
relative and absolute reactions, objective and phenomenal propeitics of 
stimuli, approximate constancy in perception, and the problem of the “field” 
and related problems. The emphasis Is decidedly Gestalt, but not un¬ 
critically so Notable features of the authoi’s work are Ins careful control 
of factors which might be regarded as extraneous to the problems under 
investigation and his meticulous reporting of the conditions under which the 
investigations were carried out, 

Most of the expeiiments involve some foim of the "pulling in technique" 
In a typical situation the monkey is confronted by two or more boxes, 
each containing a string the end of which is within reach The boxes serve 
to present stimuli differing in weight, size, shape, color, noise, and the like 
The animal receives a food reward whenever he pulls in the box containing 
the direct stimulus When the discrimination had reached a high degree 
of accuracy several controls to ascertain the influence of extianeous factors 
such, for example, as relative friction were carried out. If the animal 
maintained his discrimination throughout these controls, different stimuli 
were next substituted with a view to determining the nature of the situation 
governing the responses Other experiments involved a determination of 
sensory acuity, the ability to use instruments, handedness, the existence of 
strata functions, and anisotropy 

Throughout most of the discrimination experiments, which comprise the 
most important part of the research, there was considerable constancy of 
response despite marked changes in the relative and absolute character of 
tho stimuli Although there were a few instances of response to absolute 
stimuli, a result in conformity with Kohlci’s well-known results The par¬ 
ticular contribution of Kluver along these lines, however, is not so mnch 
his observation of the relative nature of primate responses as his analysis 
of the wide variety of stimuli capable of calling out equivalent responses 

[ 260 ] 
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Many questions are raised by this analysis and the author fails to answer 
them Steadfastly refusing to believe that they arc unanswerable, however, 
he puts his faith in futme experimental analysis 

Although the monogiaph raises meue questions than it answers, certain 
conclusions are believed by the author to be m order He says, ‘'It must 
be assumed that the constancy of response is dependent on the existence of 
such stimulus properties as make heterogeneous stimulus constellations 
‘identifiable’" This ideUtifinbihty cannot, however, be explained satisfactorily 
by resojtuig to such concepts as generalization, abstuction of identical ele¬ 
ments in the various stimulating conditions, or some Stiukturfunktian “There 
is not such a thing as an ‘aba ti action' pel se 01 a 'generalization' per se or an 
autochthonous ‘Strukturfunktion ’ The situation remains essentially the 
same if the ‘element 1 is identified with on objectively existent 'relation 1 or 
an objectively existent ‘ratm’ The independence of the ‘relations' from 
the 'relata 1 has ceitain limits Because of the existence of these limits 
concepts such as ‘Stiukturfnnktion , 1 ‘generaliration,’ etc, unless properly 
modified, must be viewed as oveisimplifications In formulating ‘basic’ 
mechanisms in behavior the particular characteristics of the ‘relata 1, must be 
given due weight." 

The author places considerable emphasis upon such concepts as “inter¬ 
dependence of aspects ’ 1 and “phenomenal togetherness," but he insists that 
these concepts cannot receive adequate definition except through detailed 
experimental analysis of the relation between behavior and the stimulus 
charactenstics upon which it depends “Instead of attempting to find 
‘exact’ but empty laws of behavior we must for a while be content with a 
cautious ‘motphopsychological' stand, that is, with experimentally determin¬ 
ing various forms of interdependence " 

The experimental data are reported in minute detail, approximately 
three hundred pages being thus appropriated There are many illustrations, 
some of them comprising sections of moving picture film, The bibliography 
includes over three hundred citations 

Norm&n L. Munn 

University of Pittsburgh 
Pittsburgh, Pennsylvania 
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Introduction 

Although the htciatuie upon the plantar response of the neonate 
is voluminous the significant contributions aie limited in number. 
In brief, the gicat majority of those who have wiitten concerning 
tins response have contented themselves with notation of the pres¬ 
ence or absence of the Babmsh reflex A considerable latitude is 
shown in what is included in the “sign," but usually all responses 
are disiegaidcd except those of the big toe, and if the movement 
is extensor m nature the Babmski leflex is reported. Less fre¬ 
quently, extension of the other toes and signe d’eventcnl (fanning) 
aie recorded 

It is obvious that this separation of only one element from a 
response dcpnves us of the most significant features, namely, the 
relations between the various segments participating in the re¬ 
sponse. Such practices tell us little regarding the nature of de¬ 
velopment in the human organism Those who report the piesence 
of the Babinsla sign usually leiteiate one of the earliest generaliza¬ 
tions, to the effect that since the leflex is pathological in .adults 

*Accepted for publication by Carl Murchison of the Editorial Board 
and received in the Editorial Office, December 15, 1933 

’This investigation was completed while the writer was National Re¬ 
search Council Fellow at Ohio State University during 1930-31 Pre¬ 
liminary findings were repoited in a paper presented at the meetings of 
the Midwestern Psychological Association at the University of Chicago 
in May 1931 The writer takes this opportunity to acknowledge again 
his obligations to the National Research Council, to the Departments of 
Psychology and Obstetrics at Oluo State University, to Ins director, the 
late Di A P Weiss, and to his assistants, Mr. Charles Hu and Mr, ] 
Cameron 
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Introduction 

Although the literatuic upon the plantai response of the neonate 
is voluminous the significant contributions arc limited in numbci. 
In brief, the great majonty of those who have written concerning 
this mponse have contented themselves with notation of the pres¬ 
ence or absence of the Babinski reflex A con sulci able latitude is 
shown in what is included in the ''sign/' but usually all responses 
are disregarded except those of the big toe, and if the movement 
is extensor in nature the Babinski reflex is leported, Less fre¬ 
quently, extension of the other toes and stgne d‘even tail (fanning) 
are recorded 

It is obvious that this sepaiation of only one element fiom a 
response depnves us of the most significant features, namely, the 
relations between the various segments participating in the re¬ 
sponse Such practices tell us little regarding the nature of de¬ 
velopment in the human organism Those who report the presence 
of the Babmsld sign usually leiterate one of the earliest genci abla¬ 
tions, to the effect that since the leflex is pathological in adults 


'^Accepted for publication by Cail Murchison of the Editorial Board 
and received in the Editon.il Office, December 15, 1933 
3 This investigation was completed while the writer was National Re¬ 
search Council Fellow at Ohio State University during 1930-31 Pre¬ 
liminary findings were reported in a paper presented at the meetings of 
the Midwestern Psychological Association at the University of Chicago 
in May 1931 The writer takes this opportunity to acknowledge again 
his obligations to the National Research Council, to the Departments of 
Psychology and Obstetrics at Ohio State University, to lus director, the 
late Dr A P Weiss, and to his assistants, Mr Charles Hu and Mr J 
Cameron 
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with pyiamidal tract disturbances or lesions the appearance of this 
type of plantar lesponse as a physiological character in newborn 
infants is the result of incomplete myelinization of the pyramidal 
tracts. This interpretation continues to persist because most of the 
investigators are unacquainted with the epochal studies of Min¬ 
kowski, Bersot, and others, which show an absence of the Babmski 
and the presence of a response of noimal plantar flexion in the 
late fetal stages 

It is not the aim of this papci to leview the history of plantar 
study Condensed accounts (13, 14) of this field of investigation 
have been made by the wiitci, and it will suffice hcie biicfly to 
sketch the lesults which have seived to delineate the major icatuies 
of the problem. This will provide the necessary setting foi the 
aims of the present investigation. 

Special interest in the plantar response apparently arose from 
Babmskr’s (1) onginal discovery and description of the adult 
pathological response (which now bears his name) and from his 
subsequently verified piediction that this type of plantar reaction 
would be physiological in infants. We have mentioned in a pie- 
vious connection the neuiological inteipielation that has been de¬ 
veloped from his studies 

Comparative or phylogenetic studies were initiated by Collier 
(8), who investigated the character of the response in apes and 
children He noted that in older children during sleep theie often 
occuried a reversion to plantar extension. 

Rudolph (15) drew attention to certain parallels between phylo¬ 
genetic, ontogenetic, and pathological changes m the lesponse to 
plantar stimulation His work is suggestive but, on account of 
limited sampling, it is not conclusive. 

Burr (6) found insufficient regularity of reaction, in his opinion, 
to wan ant the designation "reflex ” This observation was im¬ 
portant in that Lt has served as a corrective to the uncritical con¬ 
ception of the neonate as an organism equipped with highly specific 
reflexes. 

The character of the response during the fetal stages was deter¬ 
mined by Minkowski (10) and Bersot (5), the lattei tracing the 
genetic changes in the response throughout the life history of man 
(4). Bersot undertook to study systematically the total responses 
to plantar stimulation at different age levels He demonstrated by 



DIFFERENTIAL SENSITIVITY OF PLANTAR RESPONSE 267 


statistical methods the variability or spread of effector segments 
involved and traced the shift in these chaiacteristics with advanc¬ 
ing age. Further, the movements of segments were analyzed in 
teims of the inneivatcd muscles. This senes of studies represents 
a significant step forward in the refinement of (obseivational) 
analysis, 

It appears that our next attack on this pioblem should be the 
combination of Bersot’s analytical method with motion-picture 
recoids of behavior and with a more effective conti ol of the stim¬ 
ulus The present investigation clearly indicates the need for such 
procedure. The stimulus control developed by Weiss and his asso¬ 
ciates (14) and employed in the picsent lcscaich is not sufficiently 
precise, and the sheei impossibility of obtaining complete observa¬ 
tional recordings has been demonstrated convincingly. The stimulat¬ 
ing device must effect a bettci control of the extent of application 
of the stimulus and of the duration of the stimulus The problem 
would be gicatly simplified if it were possible to apply a punctiform 
stimulus but theie is evidence, accoiding to Carmichael (7), which 
indicates that responses to point and to stroking contact stimula¬ 
tion may not be the same in all cases The research reported in 
this paper arose from an earlier verification (14) of pa it of Bersot’s 
thesis regarding the nature of the response 

Since the plantar response seems relatively free from modification 
induced by environmental stimulation, it is apparent that it fur¬ 
nishes ideal matennl foi studying hehavioi changes which are de¬ 
pendent upon growth processes 

One of the current concepts of the nature of the newborn child 
holds that from the behavior standpoint he embodies a number of 
specific reflexes whose subsequent integration into patterns is a 
function of the environment. Another view holds that normally 
organisms arc always integrated, and that at first there is a total 
pattern fiom which leflexes or part activities subsequently arc in¬ 
dividuated The first view is typified by the Watsonian school,, 
the second by Minkowski, Bcisot, and Coghill 

If the first hypothesis is coirect we should expect to find initially 
a high incidence in the occunence of a certain response within a 
relatively specific reflexogenous zone. If the second is more ac¬ 
curate wc should find that at / 11 st a response is moie generalized 
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in its icccptoi-effector relations, and that is becomes “specific 1 ’ 
(Bersot) or “individuated” (Coghill) as development pioceeds 
Beisot’s studies (4, 5) indicate that for the plantar response 
in postnatal life there is a reflexogenous zone which extends over 
most of the cutaneous surface ot the body Stimulation of the 
customaiy aiea, i.c,, the median line of the plantar suiface, evokes 
responses which initially include activity in most segments of the 
body. With advance in age the lcflcxogenous zone becomes pio- 
gressively lcstncted with respect to normal stimuli, and the re¬ 
sponses become moie and more limited to the member stimulated, 
with eventual restriction to movements of the big toe. In addition 
to these changes, a genetic shift from flexion-to-cxteiision-to-flexion 
is observed. 


The Problem 

The classification of behavior as “specific” or “generalized” de¬ 
pends upon the point of lefcrence that is used in the cross-sectional 
or longitudinal planes 2 “Specificity” of behavioi rests upon the 
following cnteria: (1) the relative invariability of occurrence of 
(2) responses relatively localized in particular effector segments 
and manifesting (3) relatively limited stimulus-receptor-effector re¬ 
lations to action upon receptors or upon receptor areas by (4) 
stimuli restricted in type and range, 

The object of the portion of the investigation tieated m this 
paper is to determine (1) the sensitivity of the area and the fie- 
quencies and spread of effector-segment participation in i espouse 
to stimulation of the Jiff lit plantar median, and (2) to compare 
these with the sensitivity and the frequencies of effector-segment 
participation in responses to stimulation of other cutaneous aieas 
of the lower limb, in order that ceitain limits of the reflexogenous 
zone oi areas of differentiation may be cxploied. An incidental 
aim is to ascertain the relative peicentage of movements according 
to type (whether flexor or extensor) of the eftectoi segments of 
the leg The compaiative frequencies of eftectoi-segment patterns 
of response will be treated in a subsequent papci 

‘The writer has attempted in another paper (12) to evaluate and define 
these terms as descriptive categories in the classification of human be¬ 
havior from the genetic or develop mental point of view. 
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Technique 

The infant is transported in its bassinet from the nursery to 
the experimental 100 m. There it is divested of its sleeveless gown 
and is placed upon a low movable padded platform so that the 
infant’s head will be in shadow while the remainder of the trunk 
is illuminated by the student lamp, which is the only souicc of 
illumination in the 100 m The polygiaph motoi, .attached to the 
cxpenmental chamber or cabinet devised and used by Piatt, Nelson, 
and Sun (14), is then staited in ordci to operate the timer The 
expci imenter sits on one side of the platform and the recorder at 
the othei Recoidei and experimenter check each other’s observa¬ 
tions of the reactions, but the foimer does all of the lecording on 
special mimeographed blanks The stimulating device consists of 
a bolder (14) which lccencs the ordinary hospital applicators which 
are changed for each infant The infant's leg rests upon the open 
palm of the experimenter’s hand The stimulation is by the usual 
stroking contact but with a definite limitation of the piessuie to 
about thiee grams 

The following aicas are stimulated. 

1 the median line of the plantar surface of both feet 

2 above heel (tendon Achilles insertion) 

3 inner surface of the leg in the region of the knee 

4 top of foot (pedes dorsum) 

5, top of big toe (hallux doisum) 

6 top of little toe (T5 dorsum) 

7. top of T2 (T2 dorsum) 

8 urnlei big toe (hallux plantar suifacc) 

9. under little toe (T5 plantar surface) 

10 under T2 (T2 plantar surface) 

11. light plantar mesial border 

12 right plantar lateral border 

On the aveiage, the time foi completion of the experiment is 
about 15 minutes, distributed as follows. 

1, A 2-minute adaptation penod after the infant is removed 
from the bassinet and divested of its sleeveless gowm The period 
is sometimes prolonged until quiescence is attained 

2. A 3/4- to 4-minutc period of stimulation of the 11 selected 
cutaneous areas 
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3. A 1-mmute rest interval. 

4. A 3^2- to 4-minute period of alternate stimulation in the 
median plant'll line of the light and of the left foot 

5 A 1-minute rest inteival. 

6 A second 3 l /i- to 4-minutc pciiod of stimulation of the 11 
cutaneous aieas. 

The duration of each stimulation is fiom 1 to 2 seconds and 
the inteival between stimulations is fioin 15 to 20 seconds, on the 
avcinge The tecoider times the adaptation peuod, and the ex¬ 
pel imentcr spaces stimuli and rest peiiods according to the 5-second 
interval clicks of the timer. 

The oidcr of stimulation of the aieas is as follows: 

1 tendon Achilles insertion 

2. hallux dorsum 

3. plantai mesial boidci 

4. T2 plantai surface 

5 T5 plantai surface 

6 T5 doisum 

7. pedes doisum 

8. plantar lateial bolder 

9. hallux plantar surface 
10 leg mesial surface 

11. T2 dorsum 

12. rest period 

13. right plantar median 

14. left plantai median 

15. right plantai median 

16. left plantar median 

17. light plantar median 

18. left plantar median 

19. rest period 

20. T5 dorsum 
21 pedes dorsum 

22. plantar lateial boidei 

23. hallux plantar surface 

24 leg mesial surface 

25 T2 dorsum 

26. tendon Achilles insertion 
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27. lmllux do i sum 

28 plantai mesial boidei 

29 T2 plantar smface 

30 T5 plantar smface 

A umvcisal type of recoid blank makes piovidon foi lecoulmg 
tiie types ot movement in different segments of the body In actual 
practice, icliability attaches only to lccords of movements in tile 
two legs, and theie again pnmanly to the one stimulated. This 
is because the numbei of movements and then time of execution 
exceed the capacity of even two ob-eiveis. Again, m the analysis 
of data, attention is given pi mcipallv to two tjpes of movement, 
the flexion and the extension of a segment, “Fanning" (signe 
d'eveutad) of the toes, howcvei, is always lecoidcd because of 
its frequent inclusion in rcpoits upon the presence of the llabinski 
response. 

Ri s ULTS 

In the exploration of the lcflexogenous zone of the plantai re¬ 
sponse, one of the fust tests to be made is that of asccitaming 
the differential sensitivity of the cutaneous aieas, according to stim¬ 
ulation under the same piessmc, time, and areal conditions, so fai 
as the stiucture of the pait will permit This differential sensi¬ 
tivity may be expressed in terms of pei cottage of j espouse, If the 
sensitivity of the aieas is the same, then the percentages of responses 
to stimulation should closely approximate each othei. The same 
condition would picvail if there weie no eftcctive ielation between 
the stimuli employed and the responses that appealed during the 
experimental penod Differential sensitivity, as expressed in per¬ 
centage of response, proves that exogenous inthei than endogenous 
factois aie operative and that not all cutaneous areas of the lower 
leg are equally sensitive in regard to initiating activity in that 
member (Table 3) 

An area may be rather sensitive, jet the pioduccd lcsponse mav 
be so localized that the numbei of cffectoi segments participating 
in the lesponse is limited Hence a comparison of the number of 
movements compnsmg the lesponse offers evidence of the limita¬ 
tion or lelative localization of the lesponse Accordingly, the re¬ 
sponse to stimulation of the hallux plantai sin face is more specific 
than the lesponse to stimulation of the light plantai median (Table 
3). 
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la this investigation only the responses noted in the stimulated 
limb are consideied. Furthei, the analysis, with the exception of 
fanning of the toes (signs d J event ad ), is confined to two types of 
movement, flexion and extension. Fuither, the gioss effectoi seg¬ 
ments aie taken to be the thigh, lower leg, foot, and toes. It is 
realized that this is not a complete picture, but it has proved to 
be beyond the scope of unaided observation to note the varying 
participation of movable segments within the toes. That there is 
such varying participation has been repotted by Bcrsot (5), and 
the fact was also obseived in the piesent research, but not with 
sufficient accuracy to wairant its considciation. In this paper, 
flexion or extension of a toe refers to the geneial direction of move¬ 
ment of the mcmbci whether effected in the distal phalanx or in 
the proximal phalanges. Even with this limitation it is obvious 
that the possibilities of toe participation in the response are better 
than 5 to 1, as compared with any other segment, since a third 
type of movement (“fanning”) is recorded (Table 4), Since these 
gloss, segmental movement values cannot really furnish a true 
picture of relative segment paiticipation they are equalized (Table 
5) by eliminating “tanning of toes” and by reducing the remaining 
toe movements by 80 °/o, A certain error arises in this procedure, 
since it equates all toe participation as alike, and certainly that is 
not the case. Whether a bettei picture could be obtained by taking 
the hallux values is a moot question—certainly hallux movements 
have greater chances of occurring than have movements of any 
other toe. 

An analysis of the differential participation of the toes not only 
indicates the possibilities of independent representation that we have 
just mentioned but also throws light upon the effects of stimulation 
of toe areas as contrasted with foot and leg areas (Table 6). 

The type of movement, whether extension or flexion, may be 
studied from two angles (1) the relative participation of the 
different effector segments of the leg in the total movements of 
flexion or extension, and (2) the proportion of extension and flexion 
in the total movements of a given segment Thus the character 
of effector-segment movement may be ascertained according to the 
area of stimulation (Tables 7 and 8). It is possible to make a 
similar analysis of the character of movements of the different toes 
(Table 9). 
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TABLE 1 

Number and Distribution of Infants and of Experiments According to 
Sex and Racf of THr Subjects 



Mai 

c 

Female 

Totals 


No 

No 

No 

No 

No 

No 


infants 

expts 

infants 

expts. 

infants 

expts 

Negro 

6 

10 

15 

3+ 

21 

44 

White 

13 

26 

21 

30 

3+ 

56 

Totals 

19 

36 

36 

6+ 

55 



Legend No c\pts —number of experimental periods 


Tabic 1 shows that, 

1. Of the 55 infants compiling the selection studied, 34 were 
white and 21 Negio, 36 vcic female and 19 male 

2 Of the 100 cxpei lmcntal periods completed, 44 involved 
Negroes and 56 whites, 36 involved males and 64 females 

TABLE 2 

Distribution of Experimental Periods According to Age, Sex, and Race 


Negro White 


Age in hours 

M 

F 

M 

F 

Totals 

0- 24 

0 

0 

0 

0 

0 

24- 43 

0 

1 

1 

0 

2 

48- 72 

0 

2 

2 

2 

6 

72- 96 

0 

5 

2 

5 

12 

96-120 

2 

3 

3 

4 

12 

120-144 

3 

7 

4 

5 

19 

144-168 

1 

3 

3 

1 

8 

168-192 

1 

3 

3 

3 

10 

192-216 

0 

3 

3 

5 

11 

216-240 

0 

0 

2 

2 

4 

240-264 

0 

3 

1 

0 

4 

264-233 

2 

1 

0 

0 

3 

288-312 

1 

3 

1 

0 

5 

360-384 

0 

0 

1 

0 

1 

430-504 

0 

0 

0 

2 

2 

504-528 

0 

0 

0 

1 

1 

Totals 

10 

34 

26 

30 

100 


Legend M —male, F —female 


Table 2 shows that 

1 No infants were tested on the day of birth and none beyond 
the age of 21 days 
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2. The gieat majority of the experiments weie distributed from 
tlie third to the tenth day of life 

Table 3 shows that' 

1 The plan tat surfaces are more sensitive to stimulation by 
a stroking contact than aie the other cutaneous areas of the lower 
leg Stimulation of the light pi an tat median in 93.5% of the cases 
releases responses in the stimulated limb, of the left plantai median 
in 94.5% of the cases, of the mesial and lateial plantar boideis in 
90.5%, while stimulation of the pedes do j sum gives responses in 
56%, of the uiesinf sin face of the leg in 42.5%, and of T2 dorsum 
in 38.5% of the cases 

2 Of the toe suifaces, the hallux plantai surface is most sen¬ 
sitive with 68%, and T2 doisum least with 38 5% i espouses 

3. The stimulation in the pedes daisum median (56%) is only 
a little more than half as effective in releasing lesponses as in the 
light plantai median (93 5%). 

4 The numbei of effector-segment movements pei stimulation 
is greatest for stimulation of plantar suifaces and least foi stimula¬ 
tion of toe suifaces and the inner leg surface Thus the numbei 
of movements per stimulation for the tight plantar median is 5 64, 
for plantar mesial boidei 4 50, for plantai lateial boidei 4 98, 
hallux plantai surface 1,88, hallux dot sum 1 65, T5 dot sum 1.83, 
T5 plantar surface 1,63, T2 dorsum 1 18, T2 plantai smface 1.68 
and for leg mesial sui face 1.47. This index is the lesultant of two 
factors: sensitivity or reactivity, and extent of effector spiead or 
generalization. 

5. The number of segments participating per response is the 
greatest when plantar suifaces and top of foot aie stimulated and 
least when leg and toes aie stimulated, Thus there are 6 04 seg¬ 
mental movements per response in the case of stimulation of the 
light plantar median, of the plantai mesial boidei 4 97, of the 
plantai lateial boidei 5,50, of pedes dot sum 5.28, while leg mesial 
smface gives 3 46 and hallux plantai smface 2.77. The greatest 
specificity or localization of response accordingly is observed when 
the under suiface of the big toe is stimulated. 

Table 4 shows that 

1. In the gross total of segmental movements the toes pre- 
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TABLE 5 

Equalized Major Segmental Participation of the Limb Stimulated 
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dominate, ranging fiom 84 74% when T5 dot sum is stimulated, to 
60,20/ft when leg mesial sin fate is stimulated 

2, Foot movements account foi the next highest fiequency of 
participation, langing fiom 17 66% when the plantiu mesial bordei 
is stimulated to 11.98% when T5 dot sum is stimulated. 

3 The leg movements come next, ranging fiom 17 34% when 
leg mesial suiface is stimulated to 1.68% when T2 dot sum is stimu¬ 
lated, 

4, The thigh movements occui with least fiequency, langing 
from 9 86% when leg mesial smface is stimulated to 0 84% when 
T2 doisitm is stimulated. 

Table 5 shows that’ 

1. When the toes aic equated as one total segment, the total 
reactions foi tile toe values and foot values aie approximately the 
same for all areas stimulated, 

2. Leg movements are most frequent when leg mesial sat face 
is stimulated, giving 33 77%, while the foot accounts for 26 49%, 
toes 20.52%, and thigh 19 20%. 

3. Movements of the leg occui about twice as frequently as 
movements of the thigh 

4. Movements of toe and foot segments occur about 8 times 
as fiequently as movements of the thigh. 

Table 6 shows that: 

1. When results from stimulation of all cutaneous areas are 
totaled, movements of the hallux occui most frequently, with de¬ 
creasing percentage of participation of each successive toe towaids 
T5 Thus the hallux accounts foi 22 89% of all toe movements, 
T2 for 20.92%, T3 for 20 21%, T4 for 19.54%, and T5 for 
16 34%. 

2. When the hallux plantar suiface is stimulated, the hallux 
accounts for 41 72% of all toe movements; when the hallux dot sum 
is stimulated, only 25.31% 

3. When T5 plantai suiface is stimulated, activity in that mem¬ 
ber accounts for 14 28% of toe movements, with participation of 
T4 21.64%, T3 22 07%, and hallux 20.34%, when T5 dorsum 
is stimulated, T5 accounts for 16.16% and hallux foi 18 04% of 
toe movements 



TABLE 6 

Differential Participation of Toes 
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Percentage of Equalized Major Segmental Participation in Movements of Flexion and Extension 

Area of x or Total Total % Total % Total % Total % 
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4. When T2 plantai sinface is stimulated, activity in the mem- 
bei is 21.48%, hallux 28 51%, T3 19 00%, T4 18.18%, and T5 
12 80% of total toe movements, when T2 dot stun is stimulated, 
the activity is distributed as follows’ hallux 21,73%, T2 25 00%, 
T3 20 65%, T4 18.47%, and T5 14.13% 

5 When the tight plantat median is stimulated, the participa¬ 
tion is as follows* hallux 2271%, T2 2049%, T3 20 10%, 
T4 19 19%, and T5 17.49% 

6 When the pedes dot sum is stimulated, the participation is 
as follows- hallux 16 29%, T2 22.80%, T3 22 05%, T4 21.30%, 
and T5 17 54%. 

7 When tile tendon Achilles inset lion is stimulated, the values 
aic hallux 20 22%, T2 22.13%, T3 21 75%, T4 20 61%, and 
T5 15 26%. 

8 When the leg mesial sin fare is stimulated, the participation 
is hallux 2165%, T2 2101%, T3 20.38%, T4 19.74%, and 
T5 17 19% 

Table 7 shows that: 

1. With the exception of the leg mesial sutface, of the areas 
stimulated the segmental participation in movements of extension 
was as follows toe appioximately 90%, foot, leg, and thigh talc¬ 
ing the leinainder decicasmg in the order named, with movement 
in the last segment seldom occurring. 

2. When the leg mesial suiface is stimulated, toe movements 
account for 64 86%, foot 16 21%, and leg 18.91% of the total 
movements of extension. 

3 With the exception of the leg mesial suiface, of the areas 
stimulated segmental participation in movements of flexion was as 
follows, foot approximately 60%, toes and leg next, and thigh 
least of all 

4 When the leg mesial suiface is stimulated, toe movements 
account foi 6 30%, foot 27 99%, leg 39 63%, and thigh 26.18% 
of total movements of flexion 

5 When the tendon Achilles insertion is stimulated, the partici¬ 
pation in movements of flexion is toe 5 49%, foot 61,53%) leg 
21 97%, and thigh 10.98% 

6 Stimulation of toe areas results in few flexions of leg and 
thigh 



TABLE S 

PERCENTAGE OF FLEXION AND EXTEN5ION IN EQUALIZED MAJOR SEGMENTAL MOVEMENTS 

Area of Total % Total % Total % Total % 
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Table 8 shows that: 

1 In the activity ol the toes extension accounts foi about two- 
thirds of all movements 

2 In the activity of the foot flexion accounts fen about 95% 
of all movements. 

3 In the activity of the leg flexion accounts foi about 90% 
of all movements. 

4 In activity of the thigh flexion accounts foi about 100% 
of the movements. 

Table 9 shows that. 

1 Among hallux movements the peicentage ot movements of ex¬ 
tension ranges from 86 61% when the plantar lateial botdet is stimu¬ 
lated to 63 33% when the hallux ■ planta) sutface is stimulated 

2 Among T2 movements the percentage of movements of ex¬ 
tension ranges from 94 82% when the tendon Achilles inset tion is 
stimulated to 50.98% when hallux pi an tat surface is stimulated. 

3 Among T3 movements the peicentage of movements of ex¬ 
tension ranges fiom 9298% when tendon Achilles tnseition is stimu¬ 
lated to 48 83% when hallux plaiitai sutface is stimulated. 

4 Among T4 movements the percentage of movements of ex¬ 
tension rnnges from 92 59% when the tendon Achilles insertion is 
stimulated to 52.38% when the hallux plantai suiface is stimulated. 

5 Among T5 movements the percentage of movements of ex¬ 
tension ranges fiom 90 00% when the tendon Achilles insertion is 
stimulated to 42 42% when the hallux plantai sutface is stimulated 

6. In general, theie is a tendency for gieatest peicentage of ex¬ 
tension to be found in hallux movements with progressive deciease 
through the othei toes towaids T5 and, convciscly, least flexion 
with hallux and most with T5, 

7. When the hallux plantai sutface is stimulated theie is a ten¬ 
dency for a greatei peicentage of flexion in all toes 

8 When the tendon Achilles insertion is stimulated, there is a 
tendency for a gieatei peicentage of extension in all toes 

9 When T2 plantai sutface is stimulated, hallux extension is 
much enhanced in compaiison to the othei toes 

10, When T5 dot sum is stimulated, extension accounts for 
74.41% and flexion 25 58%, when T5 plantar surface is stimulated, 
extension accounts for 72 72% and flexion 27 27% 
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11. When the hallux den sum is stimulated, extension of the hal¬ 
lux accounts for 75 40% and flexion foi 24.59% , when the hallux 
plautai sin face is stimulated, hallux extension is 63 63% and flexion 
36 36%. 

12 When the T2 dot sum is stimulated, T2 extension accounts 
foi 82 60%, flexion 17.39%, when the T2 plantai suiface is stimu¬ 
lated, T2 extension is 63 46% and flexion 36,53%. 

13 In general, stimulation of toe aicas leads to a greater per¬ 
centage of movements of toe flexion than does stimulation of plantai 
aieas, top of foot, and above heel. 

Summary and Discussion 

1 The Reflcxoffruoits Zone 

Extent In the most generalized phase of the plantar lesponse, 
Bcisot (5) tells us that the lcflexogenous zone is coextensive with 
the cutaneous aica of the body and that, even attci it becomes re- 
stncted (as far as notmal intensities aie concerned) to the plantar 
area, moic intense stimuli applied clscwheie will stdl lclcasc the 
response in its most general phase Nevertheless, explication of 
the largei rellcxogcnous oi stimulogenous (Coghdl) zone in the 
neonate leveals the existence of secondly zones or areas which arc 
differentiated in such mannei as to picsent moie or less varying 
reactivities 

Diffei ential sensitivity If sensitivity is stated in terms of per¬ 
centage response to stimulation ( R/S x 100), some of the cutaneous 
areas studied in this investigation manifest diftcicntial sensitivity 
(Table 3). Thus the plantar areas aie found to he most sensitive 
(Rt plantar median 93 5%, plantai mesial and lateral boideis 
(90 5%), and T2 doisnni (38 5%), T5 plantai suifacc (400%i) 
and hallux dorsum (42 0%) aie least sensitive An intermediate 
degiee of sensitivity is discovcied in the following aicas. hallux plan- 
tat suiface (68,0%), pedes doisnni (56 0%) and T2 plantai sin- 
face { 47 0%). 

Among the toe cutaneous aieas the hallux plantm suifacc (68 0%) 
most closely appioximates the plantai areas in sensitivity. The toe 
plantar surfaces, T5 excepted, appeal to he more sensitive than the 
toe dorsal surfaces. The anomalous position of T5 in this respect 
probably lias no significance, or it mav be due to the effects of trans¬ 
mitted piessure (stimulation of T5 dm sum) upon the plantai area 
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of the foot when the little toe is already in partial contact. General¬ 
ly speaking, then, sensitivity decreases progressively from the plantai 
surfaces proximally along the leg Undoubtedly the structural basis 
for this differential must be the numbei and character of the iecep- 
tors per unit area in the various poitions of the leg cutaneous area. 

If these differences did not exist it would be necessary to conclude 
that either the receptor-effector connections were the same (complete 
generalization), or that the icsponses wcic the result of constant 
endogenous factois, unless a suitable contiol group established the 
efficacy of the specific exogenous factor. 

Segment spread. or involvement The degree of segment spread 
in the response, as expressed in the iatio of segmental movements 
to responses (S M / R), also serves to indicate the diffciences in RE 
(receptor-effector) hook-up of the difteicnt cutaneous aieas (Table 
3). Responses are most localized, and in that sense “specific,” to 
stimulation of the hallux plantar surface (2.77) and most wide¬ 
spread (i e., “geneialized”) to stimulation of the plantai median line 
(6 04). In general, the plantar, dot sum pedes, and tendon Achilles 
inseition areas manifest the greatest genetahzation, while the toe 
areas have greatest specificity Among toe areas it is noticeable that 
tTie greatest specificity is found upon excitation of the hallux and 
least upon stimulation of T5 

Relative percentage of segmental participation The relative 
percentage of participation m the response of the segments of tile 
leg likewise is altered appreciably upon stimulation of diffcient areas 
(Table 5). Thus, of tile gross effector segments of the leg, the toe 
accounts for 48 62% of all movements when T5 den sum is excited, 
while the value is only 20.52% when the leg mesial surface is stimu¬ 
lated. The range in foot participation is from 48.47% when the 
plantar lateral bolder is excited to 26 46% when the leg mesial sur¬ 
face is stimulated. In the leg the range is from 33.77% (leg mesial 
surface) to 5 00% ( T2 dorsum). In the thigh it is from 19,20% 
(leg mesial surface) to 2 50% (T5 dorsum) 

The relative peicentage of participation of the different toes also 
varies with the area of stimulation (Table 6). Activity of the 
hallux is gieatest (41 72%) to stimulation of the hallux plantar sur¬ 
face, least (16 29%) to stimulation of pedes dorsum. Activity in 
T2 langes from 25 00% ( 12 dorsum) to 17.58% (hallux plantar 
surface). Activity in T3 langes from 22 93% (TS dorsum) to 
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14 82% ( hallux plantar surface). Paiticipation of T4 runs from 
2164% ( T5 plantai sutface) to 14 48% {hallux, plantm sutface) 
Activity in T5 is greatest (17 91%) to excitation of the plantar 
mesial border and least (1137%) to stimulation of the hallux 
plantai sutface 

Chaiacter or type of segmental pai ticipation. The character 
of the movement, whether of flexion or extension, depends to a cer¬ 
tain extent upon the aiea which is stimulated (Table 8). When 
tendon Achilles inset lion is stimulated, the values are 90 56% ex¬ 
tension and 9.43% flexion of the toes, while to stimulation of the 
hallux plantai sin face the values are 55 17% and 44 82% respec¬ 
tively. When T5 dot sum is stimulated, foot flexions amount to 
100%, while to stimulation of the leg mesial surface the values aie 
flexion 83,78%, extension 16 21%. When T5 dot sum and T2 
plantar sutface aie stimulated, the leg flexions constitute 100% of 
the limb movements, while to stimulation of the leg mesial stn face 
leg flexions are 86.27% Movements of the thigh aie piedoimnantly 
flexoi with the greatest amount of extension (16.66%) brought 
about by stimulation of pedes dorsum 
The chaiacter of the movement of the individual toes is likewise 
altered according to the men stimulated (Table 9), Hallux exten¬ 
sion is greatest (86 61%) when the plantai lateial bonier is stimu¬ 
lated and least (63 63%) when the hallux plantai sutface is ex¬ 
cited Similarly, the greatest amount of extension of the other toes, 
T2 (94 82%), T3 (92 98%), T4 (92.59%), and T5 (90 00%), 
occurs to stimulation of tendon Achilles inset tion while the least 
amount lespectively, (5098%), (48 83%), (52 38%), and 

(42 42%) occurs to stimulation of the Italluv' planlat sutface 
2 Segmental Pat ticipation m the Plantai Response 

Relative pai ticipation of homolatetal limb segments If the 
toe segments are made equivalent with all the limb segments studied 
(namely, the thigh, leg, foot, and toe—‘treated in this work as 
though it were one segment—Table 5), in mathematical possibility 
of pai ticipation, the last-mentioned segments participate about equally 
in the response, with the leg much less represented, and the thigh still 
less Tins fact indicates that the activity tends to occur in those 
segments which lie nearest the source of stimulation This tendency 
is further emphasized by the relatively greater participation of leg 
and thigh segments following stimulation of the leg mesial sutface 
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It would be interesting to find whethei such altered segment pai- 
ticipation also appears in the ctossed or contralateral response Such 
studies should throw consideiahlc light upon the pccuhauties of 
neural organization in man at different age pciiods 

Character oi type of pattmpation of effecto) segment a. The 
limb segments diffci fiom one another in then chaiacteiistic move¬ 
ments (Table 8). In this study about two-thuds of the toe le- 
sponses were found to consist of movements of extension (sometimes 
tenned “dorsiflexion”) and onc-thud of the movements were flexor 
in nature If an analysis according to age penods weie made we 
should expect, upon the basis of Bci sot’s (5), Lantuejoul and Hait- 
maiin’s (9) work, and that of others, that the piopoition of move¬ 
ments of flexion would piove to be gieatei the younger the infant 
The movements of the remaining limb segments aie oveiwhelm- 
mgly flexor in chaiacter. Coupling this fact with that of lelative 
frequency of occurience, it becomes appaicnt that the most invanable 
element of the plantar lesponsc at this age period is flexion of the 
foot Thus fiom another angle the similat conclusions of Pratt, 
Nelson, and Sun (14) are confiimed. 

Comparison of the participation of the vanous toes demonstiates 
that the spread of individuation is fiom T5 with least to the hallux 
with most (Table 6) This is confirmed not only by the compara¬ 
tive frequency of active participation Within the total plantar re¬ 
sponse but also by the obvious fact that the hallux is much moie 
likely to be active alone (Babinski in nailowest sense) in the re¬ 
sponse than is the little toe. .Again the response tends to he more 
localized in the member stimulated when the hallux is excited than 
when the other toes are stimulated 

In general, the piopoition of movements of extension to move¬ 
ments of flexion is about the same for the diftcient toes, but there 
is a noticeable trend foi movements of extension to decrease from 
the hallux to T5 and, conversely, for the movements of flexion 
to increase. This may be interpietcd as suppoitmg the view that 
in man the initial individuation of the toes is one of flexion and 
that fuither development tends to limit the response to hallux ex¬ 
tension According to Beisot’s magnificent study (5), extension 
of all toes may precede individuated extension of the hallux and 
T2. Mixed types of iespouse, with some toes extending and others 
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flexing, aie lo lie observed and will be ticatccl in a subsequent 
paper upon the effectoi segment potto vs of the response. 

3 Is the Plantat Response a “Movement of Defense” 9 
Babinski s wtei pietation of the plantai 1 espouse The Ficnch 
neurologist, Babinski (2, 3), has classed the plantai response as 
a defense movement involving leticat 01 withdrawal of the limb 
and its constituent segments fiom the source of stimulation. He 
even mterpiets flexion of the toes in the adult also to be a move¬ 
ment of defense in the foim of a countci-attack 3 Such a teleo¬ 
logical conception must bicak down if it can be shown that whether 
the lesult is movement away fiom oi towards the souicc of stimu¬ 
lation depends upon at least foui factois. (1) the aica stimulated, 
(2) the natuic of the stimulus, (3) the developmental stage of the 
organism, and (4) the pievious postuie of the member stimulated 
The influence of age and pathological factois upon the char¬ 
adei of movement . Movement of the toes away fiom the souice 
of excitation, when the plantai median line is stimulated, occuis in 
the adult pathological response (Babinski sign) and in the normal 
physiological toe extension of the suckling If this is a defense 
movement of “flight” it is stungc that the response during the fetal 
stage, at birth, and foi a period of hours aftciwards should he 
predominately flexor in type In tcims of “withdrawal,” then, 
whether the jeflex is a movement of defense depends, in normal 
development, upon the particulai age of the individual The put- 
posivist, of course, will argue that movement towaids the somce 


’"Mais il est a reimuquer qu’rt l’etat physiologique chez l’homme, I’exci- 
tation de plante du pied, qui provoque la flexion des orteils, determine 
du meme cote la tuple flexion du membre mfericui, et il en results une 
quadruple flexion Cette flexion des ortells ne serait-elle pas aussi le 
tenioin d’une reaction ancestrale, nyapt npparu toutefois A line pericde 
dn d^veloppement plus a\anc6c quo les reflexes de defense dont il a ete 
pricddemincnt question, periode oil les orteils servaient de gnffe? Cette 
reaction avait aussi en partie la protection pour but, mais c’etait on inode 
de protection difTcient de lcIui qm est realise par les reflexes de defense 
primitifs, il ne s’agit plus d’une fuite lotalisee, d’une retraitc en face d’une 
offensive, ce niouvement de griffe vis-fi-vis cl’une agression constitue line 
Contre-offensive, mode de protection d’un oidre plus eleve, on conijoit du 
reste fort bien qu'nn animal chercliant A se defendre combine l’attaque 
avec la fuite. On saisirait ainsi la quadruple flexion a I’etat physiologique 
la flexion de la cuisse, de la jainbe et du pied res sort! slant aux reflexes 
de defense primitifs, la flexion des orteils etant I'expression otavique dun 
reflexe de prehension” (3, p 1709) 
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of stimulation is also defensive in nature because it aims to ward 
oft the stimulating ob|ect In the case of toe movements it would 
be nccessaiy to stiess that the defensive features consist in the 
intent rather than in the efficacy of the movement as fai as toe 
flexions are concerned 1 Adequate pushing away or removal of 
the stimulus source might be effected if there were to be vigorous 
extension of thigh, leg, and foot segments The tables presenting 
the results of this investigation show, however, that these segments 
usually flex and hence arc withdiawn fiom the souice of excitation. 

The area of stimulation and the charadei of movement Simi¬ 
larly disconcerting to the puiposivc conception is the change in the 
character of movements, whether away from or towards the stimu¬ 
lus, when the aiea of stimulation is varied Thus, to stimulation 
of pedes dot sum median , instead of “withdiawal” movements of 
the member stimulated, i,e, extension, the response continues to be 
one of flexion which, contrasted to plantar stimulation, now means 
movement towards instead of away from the stimulus. 

Similarly, stimulation of the toe dorsal aieas still releases ex¬ 
tension in the greater part of the cases (Table 9). Turning now 
to the plantar surfaces of the toes, it is apparent that extension 
(from this angle withdrawal from the stimulus) still piedommatcs 
although the relative number of movements of flexion in the toe 
stimulated increases as compared to stimulation of the other areas— 
and this means movement towards the stimulus It may well be 
that the conditions of stimulation here determine the chaiacter of 
the response. Carmichael (7) cites work of lus own and of Richtei 
to the effect that intense stimuli result in withdrawal movements 
while weaker stimuli induce movements of approach. In this re¬ 
search punctifoim stimulation was not employed and the extent 
of the stroking contact stimulation was necessauly Limited by the 
size of the parts stimulated 

The effect of repetition of the stimulus upon the charade) of 
movement The Shermans (16) and otheis have repoited that 
the character of the toe responses changes upon repetition of the 
stimulus If the first response of the toes consists of extension, 
repetition alters it to flexion. Here, obviously, the already-existing 
posture of the segments must be taken into account 
Although the legs are characteiistically flexed at knee and hip, 
the usual consequence of stimulation is still greater flexion of those 
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segments regardless of the areas stimulated, Flexion, although re¬ 
duced in frequency, continues to dominate tn the response to stimu¬ 
lation of the leg mesial snifacej although it now means sustained 
contact rather than lemoval from the stimulus Similar behavior 
to "cold” stimulation of the same area has been reported by Pratt, 
Nelson, and Sun (14), This is in marked contrast to the move¬ 
ments in the Moro reflex wherein these segments first extend and 
then flex again 

The structure of the organism and the type of movement It 
ts evident that the teleological conception ot the plantar response 
cannot be maintained satisfactory when the history, nature of the 
reflexogenous zone, and the conditions of stimulation are adequately 
investigated. It is also questionable whether a classification of 
movements in terms of withdrawal or approach to stimuli has any 
value once it is shorn of teleological meaning and made purely de¬ 
scriptive. Appaicntiy the type of movement is determined primarily 
by the nature of the structuics participating m the response This 
alone can explain behavior which, considered teleologically, would 
be inexplicably inconsistent. 

An examination of other alleged "defense movements 51 will prob¬ 
ably reveal nothing intrinsically purposive in their character, 

4, Symmetry 

Bilateral symmetry of Iiomoiateuil patterns involved m stimu¬ 
lation of the plantar median areas In its most generalized phase 
the roll exogenous zone of the plantar response extends over the 
cutaneous area of the body. Within tins larger aiea secondary 
zones of diffeientiation occui and picsumably there is a bilaterally 
symmetncnl distribution of these, Ceitainly the later trend toward 
restuction of the zone to the plantar areas, nhen stimuli of usual 
intensity are employed, is symmetrical, 

In this teseatch the only cutaneous aiea stimulated m both of 
the inferior limbs was the planter median line Since the study 
was limited to the homolaterai teactions nothing c.m be stated con¬ 
cerning the contialateral reactions, In the matter of sensitivity 
there is probably no significant difference (e.g., Rt plant . metl 
93,50%, left 945%) Neithei does there appear to be any gieat 
difference in the degree of generalization of receptor-effector rela¬ 
tions ns mcasuted by the segmental movements per response ( Rt . 
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plant med 6 04, left 5 83, See Table 3). The equalized major 
segmental participation (Table 5) also reveals no significant differ¬ 
ence, and the toe representation (Table 6) is approximately the 
same for both limbs Likewise the cbaiacter of movements, whether 
extension or flexion, is practically the same (Tables 7, 8, and 9). 

It is therefore apparent that in homolateral reactions there is 
bilateral equivalence of reactivity values and, therefore, within the 
limits of this study, the reaction pattern of the plantar response is 
symmetrical 

The pioblem of the equivalence of the couti alateial patterns 
of behaviO! Possibly one of the most significant researches which 
could be made upon the plantar response would be the investiga¬ 
tion of all the movements of the organism, both homolateral and 
contralateral, to see whether the reaction spreads as easily and as 
completely from the right side to the left as fiom the left to the 
light and to note whether the homologous movements have the 
same values regardless of the side stimulated. 

Bersot (5) again, using a purely observational technique, has 
sought to answer part of this problem. There is need, however, 
for a better means of recording movements It is the writer’s 
opinion that motion pictures should be made by means of the Yale 
photographic dome. The writer has experienced difficulty in bung¬ 
ing all of the infant within the field of view and at the same time 
obtaining sufficient detail. In adults, registiation of homolateral 
leg movements in response to plantar stimulation has been accom¬ 
plished through mechanical registration devices, but these are not 
suitable for the study of infant responses and furthei, they recoul 
too limited an amount of the response. 

The problem of asymmetrical iespouse patterns. With the 
perfection of an adequate technique it will be possible to follow 
any changes which may occui in the initially bilateially symmetrical 
pattern. It will be possible to tiace the development of asymmetry 
and to learn something regarding the mechanisms underlying such 
behavior. 

The importance of such a senes of studies is indicated by Stem- 
mann (17) who reports that in ceitam voluntary movements, such 
as in learning to write, there are at first pronounced mvoluntaiy 
movements involving most of the body with contra- as well as homo¬ 
lateral representation. These decrease with age, their inhibition 
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being at least initially bound up with visual and postural factors 

Among the common reflexes manifesting bilateral representation 
may be mentioned the cochlear-palpebral and visuo-palpebral re¬ 
flexes Controlled or voluntary asymmetrical winking is not ac¬ 
complished with equal ease on both sides. The Moro reflex is a 
bilaterally symmetrical lesponse, asymmetry of the major segments 
being pathological The pupillary reflex is consensual. 

Sometimes the bilateral repiesentation comprises the correspond¬ 
ing segments but not the character of the movements. Thus in the 
limbs there may be flexion of one member with extension of the 
other The so-called “stepping movements,” photographed and 
studied by Pciper (11), are instances of this bilateral reciprocal 
Tire arm movements of the adult in walking manifest similar bi¬ 
lateral features. 

Conclusions 

A The Reft exogenous Zone 

1 During the first two weeks of post-natal existence differen¬ 
tiation of secondary zones within the more general reflexogenous 
area of the plantar response is demonstrated by differential sensi¬ 
tivity, segmental spread, relative degree of segmental representa¬ 
tion, and the character of segmental movements. 

2. In general, the plantar areas are most sensitive, there being 
a decrease In sensitivity as the proximal areas of the limb are ap¬ 
proached. 

3. The greatest “specificity” of response, in the sense of local¬ 
ization or limitation of movement, appears upon stimulation of the 
hallux. 

4. The greatest “generalization" of response, in the sense of 
number of segments involved in active movement, is obseived upon 
stimulation of the plantar areas 

5. In general, toe areas show greater specificity than do other 
cutaneous areas of the lower limb. 

6 Specificity is greatest when the hallux is excited and least 
when T5 (little toe) is stimulated. 

7 The lelative participation of the gross segments of the limb 
in the response varies according to the area of stimulation The 
representation of toe and foot segments is relatively less when the 
leg mesial surface is stimulated at the knee, while the leg and thigh 
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receive their greatest representation in connection with such stimu¬ 
lation 

8. The relative participation of the individual toes also is de¬ 
termined by the aiea which is stimulated Thus activity is most 
frequent in the hallux upon stimulation of the hallux plantar sur¬ 
face, while all other toes manifest their minimum representation 
upon excitation of this area 

9 The chaiacter of segmental movements is in part influenced 
by the paitlculai cutaneous aiea winch is stimulated The ex¬ 
tension of the equalized toe segment shows highest frequency of 
occurrence when tendon Achilles insertion is stimulated, and least 
when the hallux plantar surface is excited The greatest frequency 
of extension of the foot occurs to stimulation of the leg mesial sur¬ 
face , the least to excitation of T5 dorsum Leg extension occurs 
most frequently upon stimulation of the T2 dorsum. Thigh ex¬ 
tension is brought about most frequently by stimulation of pedes 
dorsum 

10. The character of response of the individual toes depends 
upon the area of stimulation. The greatest frequency of hallux 
extension occurs in connection with stimulation of the plantar lat¬ 
eral border In all other toes extension has its greatest repre¬ 
sentation when the tendon Achilles Insertion is stimulated. In all 
toes extension occurs least frequently to stimulation of the hallux 
plantar surface, 

B . Segmental Participation in the Plantai Response 

1. When the toe-segment lepiesentation is equalized, the toe 
and foot segments participate about equally while leg and thigh 
movements lag with slight frequency in the order named 

2 About two-thnds of the toe-segment responses are move¬ 
ments of extension and one-thud movements of flexion. The move¬ 
ments of the other limb segments aie predominantly movements of 
flexion. 

3 The high percentage of foot paiticipation, coupled with its 
almost mvaiiable flexoi character, makes flexion of the foot, lather 
than toe and leg movements, the most invanable element of the 
plantar response. 

4 The hallux shows gieatest individuation of movement, and 
T5 least This means that as we proceed fiom the hallux to T5 
theie is less likelihood that the individual toes will participate in 
the response. 
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5, In geneial, the percentage of extension decreases as we move 
from the hallux to T5 and, conversely, that of flexion rises. 

C Movements of Defense and the Plantar Response 

1 If “withdrawal” is one of the principal characteristics of 
a movement of defense, then the toe movements of the plantai 
response are “defensive” during the first 12-14 months and again 
in pathological cases, but they are not “defensive” in the fetal 
stage, immediately after birth, and in the normal adult stage. 

2. Stimulation of the dorsal suifaces of foot and toes produces 
flexion of the foot and extension of the toes, movements not differ¬ 
ing appieciablv in character fiom those released by stimulation of 
plantar surfaces. Yet in the first instance the members move to¬ 
wards and in the second away from the stimulus 

3. Stimulation of the hallux plantai surface increases move¬ 
ments of flexion in that member, i.e, movements towards the stim¬ 
ulus. 

4 When ail aspects of the plantar response aic carefully scru¬ 
tinized, it becomes clear that the direction of movement of the 
region stimulated, with refeicnee to the source of stimulation, pre¬ 
sents no selective features which warrant the designation of “defense 
reflex.” 

5. Even a classification of the elements of the plantar response 
in tcims of “appioach” or “withdrawal” can have little utility if 
the characteristics of the response depend upon the anatomical and 
mechanical features as well as upon the functional peculiaiities of 
the organism rather than upon teleological designs upon the stimu¬ 
lating object. 

D Symmetry 

1 Bilateral symmetry of the plantar median rcccptoi areas in 
then receptor-effector connections is manifested by similarity in 
sensitivity, m gioss effector-segment participation, and in the i da¬ 
tive distribution of the type of movement (whether of flexion or of 
extension) of the. segments of the inferior limbs 
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LA GENERALISATION ET LA SPECIFICITE DE LA REPONSE 
PLANTAIRE CHEZ LES NOUVEAU-NES LA ZONE RfiFLEXOGENE. 
I LA SENSITIVITfi D1FFERENTIELLE ET LA PARTICIPATION 
DES SEGMENTS-EFFECTEURS SELON L’AIRE DE STIMULATION 

{Resume) 

L'investigation de la zone rcflcxogcne de la reponsc plantaire chez 55 
nouvcnu-nis ages d’l ft 21 jours rndique 1'cxistencc de zones sceondaircs 
de differentiation dans l’aire rcllcxogcnc gendrnle Celles-ci sont montrecs 
par la sensitivite diffcrentiellc, I'dendue segmentaire, le dcgr£ rclatif de In 
lepresentation scgmcntnne, ct le caractere dcs mouvemenfs segmentaircs 
consequents ft la stimulation dc diyerses mres cutandes dc In janibe 
En gintrnl, la 9ensitivit6 dccroft progrcssiveinent des surfaces plnntaircs 
proxim>ilament le long de la jnmbc 

Ln plus grande "spccificite” dc la rcponse se montre nvcc la stimulation 
dc l’hallux, la pins giandc "generalisation" nvcc la stimulation des aires 
plantaire? 

Les segments dcs orteils ct du pied ont la plus grande frequence de 
participation ft la rcponse ct leur representation est environ la memc si 
Ton tient compte du fait qu’il y it cinq orteils pour un segment dti pied, 
Approximativemcnt les deux tiers des mouvements des orteils sont des 
mouvements d'cxtcnsion La flexion cst la regie dans lc9 nutres segments 
L’analyse du caractere des mouvements scgmentaires par rapport aux 
ancs de stimulation et a d'autres factcurs ne montre aucuns traits selectifs 
dans la i£ponse lesquels mcntcraient le terme "nfflexe dc defense 1 ' 

Dans les limites etudiees, la reponsc plantaire, comme ordiiinircrrient 
evoqulc, est bdateralement symmetrique ft 1’cgard de In participation seg- 
mentaire homolaterale. 

Pratt 


VERBREITUNG UND SPEZIFIZITAET DES FUSSSOHLENREFLEXES 
BEI NEUGEBORENEN DIE REFLEXZONE I DIFFERENTIAL- 
EMPFINDLICHKEIT UND MOTORISCHES SEGMENT- 
TEILNAHME BEZUEGLICII DER ANREGUNGS- 
FLAECIIE 

(Rcfcrat) 

Die Untersucluing der leflexcrzcugenden Zone de 1 ! Fusssohknrellexes bci 
55 Neugeborenen (1-25 Tage alt) weist nuf das Bestehcn der Ncbenzonen 
von Differcnzicrtbeit innerhalb der allgemuncn reflexerzeugeiulen Zone 
Diese werden durch Differentialeinpfindlichkeit, Scgmentausbrcitnng, rel.i- 
tiven Grad der Segmenttcilnnhmc, und Charakter der Scgmentbcwegungen, 
die auf Anregungcii verschicdenei Hautllaihen des Bcines folgcn, dargelegt 
Im allgemeinen mmmt die Einpfindliclikeit von den Fusssohlenflachen in 
der Riclitung dcs Anheftepunktes des Beines foi tsclireitcnd ab 
Die grosste “Spezifizilat" des Reflexes erscheint nach Anregung der 
grossen Zehe, die grosste "Ausbreitung" nach Anregung der Fusssohlen- 
flnchcn 

Die Zehen- und Fusssoblensegmenle haben die grosste IlanfigLeit der 
Teilnahme an dem Reflex, und diese Teilnnhmc geht ungefahr vor sich, 
als wenn man sicli vorstellt, dass es funf Zehen zu eincm Fuss gibt, 
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Ungefaln zwci Dnttcl dcr Zehenbcwegungcn sind Ausdehnungsbewe- 
gungen Biegung ist die Kegel bei den anderen Segmenten 
Die Analyse der Eigenart der Segmentbcwegungcn an VerhaUms zu den 
Anregungsflachen nnd zu anderen Faktoren enthullt kcine auswahlende 
Eigensclinften tm Reflex, die die Bezeichnung "Verteidigungsrcflex” ges- 
tntten AViirdcn 

Innerhalb der Grenzen diesei Uutersucluing ist das Fussohlenreflex, wie 
es gewohnlich hcryorgemfen wird, ziyeiseitig aymmetnsch in bezug auf 
einseitige Segmentteilnahme 

Pratt 



VISUAL DISCRIMINATION IN THE CAT: I. THE 
CAPACITY OF THE CAT FOR VISUAL 
FIGURE DISCRIMINATION* 

From the Psychological Laboratory of Broaun University 


Karl U Smith 


I Introduction 

The experiments reported below are intended to contribute to 
the study of visual discrimination in vertebrates, with particular ref¬ 
erence to the ability of the cat to discriminate visual designs At 
the present time the nature and development of such discrimination 
in animals below man is not entirely understood, and, indeed, the 
capacity of these animals for response to various visual configura¬ 
tions has not been fully ascertained. Accordingly, the aim of the 
present experiment has been to secure information both as to the 
capacity of the cat for visual figure discrimination and as to the 
nature of the responses involved 

It seems important for clarity to separate the problem of whether 
the capacity for response determined by visual configurations is to 
be found in animals from the problem of how such responses, if 
found, are to be defined. The results of the present experiment 
are, accordingly, divided into two sections. In the present paper 
the question is raised as to whether or not the cat possesses the 
capacity for discrimination of visual figures, evidence of such dis¬ 
crimination being presumed when an animal responds differentially 
to two geometric stimuli in the absence of other sensory influences. 
In a succeeding paper the results of additional experiments, carried 
out to determine whether or not the cat’s discrimination of visual 
figures involves responses to the form of these objects, arc pre¬ 
sented, their relation to current theories of form discrimination 
discussed, and conclusions stated. 

II Prior Investigations of Visual Figure Discrimination 
in Animals* Results and Methods 

The investigation of the capacity of various animals for visual 
figure discrimination has involved important problems of method 

♦Accepted for publication by Leonard Carmichael of the Editonnl Board 
and received in the Editorial Office, January 10, 1934 

301 



302 


ICARL U SMITH 


in animal psychology and may be best discussed from that point 
of view. Recent investigations, as a mattci of fact, have shown 
that results obtained aie a direct function of the methods used 
Three vaiiations of technique, based upon the pnnciplc of learned 
reactions, have been employed 

1 The Choice Methods Undct this classification rcfeience will 
be made to vanous experiments in which an animal is required to 
learn to lespond differentially to two or moic visual stimuli which 
are directly associated with rewaid and punishment. Another sig¬ 
nificant aspect of this technique is the fact that the experimenter 
may form an important pait of the visual situation Katz and 
Rcvcsz (20) used a method of this sort in observing the reactions 
of the chick, which they found would lespond to circles and tri¬ 
angles cut fiom gieen peas when the negative stimuli were coveied 
by a thin glass plate Porter (36) used a somewhat similai method 
with the sparrow and cowbird, and Rouse (39) also obtained equiv¬ 
ocal responses in the pigeon by employing this method 
Sacket (40) used a variation of the choice method by having the 
porcupine crawl through figured holes cut in a board which was 
placed at the entrance into a den He found that the animal would 
discriminate under such conditions. McCallistei and Beiman (26) 
also have used a variation of the choice method in making observa¬ 
tions of the responses of a cat to visual figures. Circles and squaies 
weie cut from liver sausage and placed on a hoard, the squares 
being treated with quinine in ordei to punish the animal foi re¬ 
sponding to them. The animal learned the discrimination m 510 
trials When another expenmenter took over the animal for fur¬ 
ther investigation, attempting to duplicate the method of handling 
previously employed in letuining the cat to a restraining cage, the 
responses fell to 47% of this prior accuiacy, thus indicating that 
the previous discrimination had been established on the basis of 
the experimenter's presence and not with icfeience to the liver 
sausages employed to stimulate the animal. 

The choice method seems to have been used to paiticulai advan¬ 
tage in studies of mfinhuman primates. ICohts (54) studied the 
nature of the chimpanzee’s responses to geometnc foims by making 
it select ceitain ones which were accompanied by food Tellict 
(44, 45) has employed a similar method in the observation of 
the reactions of a monkey (Macaciis smecus) to caids beanng 
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visual figures, to solid geometric figures, to cards ^presenting solid 
figuies, and to cards bearing pictures of quadruped and biped ani¬ 
mals, as well as pictures of animals and vegetables. Incidentally, 
Tclher (42, 43) has also studied the tactual responses of the same 
monkey to geometnc figures by lequnmg the animal to icach into 
a sack containing a numbei of such objects. He has shown that 
the monkey will immediately react by touch to objects winch were 
pieviously learned by visual-tactual stimulation and by visual stim¬ 
ulation alone 

2 The Method of Conditioned Response This method is by 
far the most elaboiatc and infrequently used of those dcscnbcd in 
the present paper. Pavlov (35), Ycrkes and Moiguhs (52), and 
Razran and Waidcn (37) have repoitcd the work of others on 
conditioned differential responses in the dog to such configurations 
as circles and ellipses, a black lettei T nnd a hollow square of 
equal aiea, and a circle and squaie of equal area, 

3. The Disci irmnniion Method This method, as exemplified 
in the procedure desuibed by Yeikes and Watson (53), is dis¬ 
tinguished from others by the fact that the positive and negative 
stimuli aie presented simultaneously to the animal. Furthermore, 
the association between the lewnrd and punishment in this case 
is not so dnect as in the case of the choice methods. The reward 
and punishment do not form part of the visual situation, while 
the animal's responses are idatively independent of the experi¬ 
menter. 

The Yerkes-Watson box has been used by Bingham (2, 3), 
Johnson (17, 18), and Munn (31) in observations of the inactions 
of the chick In these investigations the chick was found to possess 
the visual capacity neccssaiy foi the disci urn nation of two geo- 
inctiic figures Cobuin (4) has found that the ciow also dis¬ 
criminates simple geometnc figuies under the controlled conditions 
of the Yerkcs-Watson pioccdurc. 

Jn general, paradoxical Jesuits have been obtained with the Ycrkcs- 
Watson apparatus m the study of vanous mammals Yeikes (50), 
Waugh (48), Lashley (23), and Munn (28) found no evidence 
of disci imination of simple geometrical figuies in diffeient lodcnts 
with the Yerkes-Watson box. L.rslilcy did secure discrimination of 
horizontal and vertical lines with one animal of a laige group He 
states (24) that since these early expeiiments six diftcient groups 
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of animals have been tested in various types of Yerkes-Watson boxes, 
every one of winch gave paradoxical results Johnson (17), Wil¬ 
liams (49), and Munn (28) have studied different carnivora by 
means of the original discrimination method but they found no 
reason to believe that the animals discriminated under such con¬ 
trolled conditions Munn’s experiment was intended to lest the 
validity of Cole’s experiment with the raccoon (5) in which posi¬ 
tive results were obtained by having the animal react to visual 
figures presented above a screen. The Yerkes-Watson box has been 
used successfully, however, by Watson (47), Johnson (18), and 
Revesz (38) m the analysis of the monkey’s responses to various 
visual figures. 

The paradoxical results of experiments using the Yerkes-Watson 
technique have been interpreted by some investigators (17, 28, 48, 
49) as due to defective vision m the animals observed, and by others 
(6, 16, 46) to defects inherent in the method itself. Among others, 
the following criticisms of this technique have been made. (l) 
the situation is too complex; (2) the electrical grill docs not per¬ 
mit the animal to approach near enough to the stimuli for accurate 
vision; (3) the apparatus cannot be standardized for various ani¬ 
mals; (4) the discrimination distance cannot be sufficiently con¬ 
trolled; (5) the subject is required to make no relatively isolated 
response to the stimuli. 

Various modifications of the discrimination method have been 
proposed in view of eliminating one or another ot the above defects. 
Fields (6) required rats to walk through and in under luminous 
stimuli and found evidence of discrimination. Munn (28) dis¬ 
covered that Fields’s apparatus did not present visual figuies of equal 
area to the rat and that when the figures were made equal no 
differential responses were observed. Fields was able, nevertheless, 
to demonstrate visual figure discrimination in the white rat in later 
experiments (7, 8), using his own apparatus, and also to compare 
the efficiency of visual figure discrimination in the white rat and 
raccoon (9). 

Lashley’s experiments (24) confirmed Fields’s findings that white 
rats discriminate visual figures. He used a novel apparatus of his 
own invention in which animals were made to leap from a small 
jumping-platform against a screen containing the significant stimuli 
Bv this method the visual acuity of albino rats for hoiizontal and 
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vcittcal lines was dctci mined to be in the general viunity of i 
device and 26 minutes, that of pigmented animals appioxnuaLclv 
26-52 minutes (2 c i) "The general significance of the lcsults ob 
tamed by Laslilcy and of the method employed has been confnmcd 
by ceitam studies by Munn (30), McKinney (27), and Fields (10), 
while Hamilton and (joldstcm (13) have used the method m 
mcasuimg die visual amity of the pigeon, which they find to be 
m the neigliboi liood of 3 8 minutes at 3 f cm distance. 

An additional conti oiled method foi the investigation of the vi&ual 
lespouses of mammals has been invented by Munn (32) In this 
appaiatus the animal is made to push open doois containing the 
positive and negative stimuli White and pigmented lats failed to 
leain the discilminatioii of a squatc and aide within 250 tuals, 
although othci types of disciimuiation wne made Two dogs 
learned the discrimination of an uptight and imeitcd ti jangle within 
900 tuals (19) Ncct (34) established disci lminatioii of two 
simple gcometuc hguies in the monkey by using this method 

Kluvci (22) has devised a novel vaiiation of the disciimutation 
method by having monkeys diag in, by means of stimgs, boxes 
which heai the significant stimuli This method is cfiaiacteir/ul 
as the “pulling-in” technique, being a vaiiation of the xtiing-pull- 
mg cxpci mient clcscnhed In Hobhouse (14, pp 223-229) and used 
by Adams (1) and otheis with cats. Klmct studied the monkey’s 
iespouses to changes involving cllftcicut visual figuics in connection 
with the Tange of equivalence” for a lcsponse to two hguies clif- 
fcnng in si/e lie also deteimined the visual acuity of the monkey 
by a variation of the same method The method used hj Kiuvci 
is piacticallv unlimited in its application foi the study of discrim¬ 
ination in the vauous icceptoi fields of diffeient mammals 

Oelletmann (11) lias employed a modification of the discinnma- 
tion method foi the observation of the chimpanzee's and child’s 
iespouses to visual hguies He lequned his subjects to open a box 
upon wtmh a positive stimulus was displayed Childien learned 
the discrimination of a cncle and a square m much less time than 
did chimpanzees. Munn and Stiening (32) have also described an 
appaiatus foi obseiving tiic child’s lesponses to visual hguies of 
vauous suits 

A device foi the study of visual i espouses of higliei mammals 
has been desciibcd b\ the picsent wntci (41) 4 he animal mciely 
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dcpicsbcs a levei below a clooi upon which the positive stimulus is 
displayed This method is applied in the piesent expenments to 
furnish needed infoiillation as to the visual capacities of the cat 

III Apparatus and Proci-durl 

The appaiatus used in the piesent expenment can be undeistood 
by lcfcience to Finnic 1 The mechanical details of the device 

have aheady been descuhed (41) Howevei, fuithei descuption of 
ceitain featuies is necessaiy in oidei to aid in clanty of exposition 
The appaiatus consists of a box whose front panel contains two 
apeituies. Two doois die so mounted ovet these apcitines that 



FIGURE 1 

r J nr Arranglment of thi Apparatus ouring tiil Main Expi rimini’s 
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they swing inward by means of springs attached to then' tear sides, 
and are fitted along their front sides with grooves into which caids 
bearing various visual stimuli may be inscited. The giooves open 
at the top, so that the stimulus caids may be quickly inserted and 
removed The doors are held tightly closed by small spring latches 
to which arc attached two biass levers that extend outward fiom 
the box and terminate in circular brass plates of a size ample to 
accommodate the paw of the animal. The levers are held In place 
by pinions at the rear of the interior of the box and emerge fiom 
two small openings directly below the larger apertures The sub¬ 
ject responds to the stimuli by depressing the levers, tlicicliy open¬ 
ing one of the doois. A sliding master latch is mounted on the 
inside of the fiont panel and determines the door which may be 
opened by the subject, 

Inside the box, dnectly below the doois, is a shelf for food 
containers. The shelf is so constiuctcd that the doors may swing 
inwaid without coming into contact with the shelf or with the 
shallow food containers placed upon it When either door is open 
the animal may thrust its head inside the apparatus and obtain 
food, although the lemainmg interior parts of the apparatus are 
hidden from its view by a partition at the back of the shelf. The 
subject may be punished by an electrical stimulus device, winch 
was constructed from recommendations given by Howells (15) and 
modified to suit this apparatus. 

The box is placed along one of the side walls of the experi¬ 
mental room and is illuminated by flood lights from the opposite 
wall Two large aluminum reflectors, containing 200-watt bulbs, 
are employed These lights are mounted approximately 8 ft. from 
the front of the discrimination apparatus, and 4 to 6 ft from the 
flooi, being separated from eacli other by at least 20 ms. The 
lights <ne so arranged as to give uniformity of brightness at the 
front of the discrimination box 

A restraining cage for the subject, 2 ft. by 2 ft by 2^ ft, is 
placed 8 ft in front of the disci mi matron appaiatus. The front 
of the cage is fitted with giooves winch contain a sliding door ex¬ 
tending 6 ins above the top of the box. There aie no ciacks in 
the door oi between the grooves and the edge of the door through 
which the subject can observe movement at the ftont of the cage, 
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although ventilating cracks arc ananged at the top The dooi is 
controlled by means of a stung led through a senes of pulleys to 
the outside of the experimental loom 

The cat is first trained to obtain food meiely by depicssing the 
levers and thus opening the doors. Training with visual stimuli is 
then begun In the couise of the tiainmg the animal learns, when 
released fiom the restraining cage, to appioach and press the levels 
with lefcience to stimuli displayed on the doois If, In any tnal, 
the level pressed is “conect” foi that trial, the dooi opens and 
the animal thrusts its head inside and obtains food If the lever 
piessed is inconect foi that tnal, the animal icccives a slight shock 
from the cncular brass plate, when the electncal punishment device 
is being used, or is otheiwise mcielv punished by fatluic of the 
door to open. Aftei it has obtained the food either by going to 
the door containing the positive stimulus or by being punished and 
then going to the door beaung the positive stimulus, it is returned 
to the restiaming cage and the pioceduic repeated. Food is sup¬ 
plied in the glass containers located on the shelf behind both doois. 

During expeiimentation the animal is alone in the room with 
the apparatus, obseivations of its behavior being made fiom an 
adjoining room thiough a small opening cut in the door The 
experimenter’s observations aie sometimes further supplemented by 
motion-pictuie records taken both during and aftei training to the 
visual figures. 

Seven cats of unknown age and pedigiee were used in the ex¬ 
periment. During experimentation they weic segregated and kept 
on a strict diet of milk and commeicial cat-food. 1 Each subject 
received x /\ of a pint of whole milk and between 1/3 and}4 of a 
pound of cat-food daily. The milk was given early in the morn¬ 
ing, the cat-food after completion of the tiainmg or test tiials in 
the evening, 

The cat-food, rolled into small pellets about the diametei of 
a ten-cent piece, was also employed as an incentive It was found 
to be more satisfactory for this puipose than eithei fish 01 livei, 
since by dividing it into veiy small pieces 40 to 50 tiials could be 
given in a single evening if necessary 

After three days of the diet described above each cat was accus¬ 
tomed to the general experimental situation by being placed in the 

1 “Kil-E-Ration I ’’ Chappell Bros, Rockfoitl, Ill 
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restraining cage and allowed to pioceed to the open doois of the 
apparatus and obtain food placed in the glass containers Ti{lin¬ 
ing to depress the levers was begun after 20 tnals of such pioccdure 
The animal was held near one of the leveu in fiont of a closed 
door and its forepaw placed on the lever, causing the level to be 
depressed, and the door to be opened. The piocedure was re¬ 
peated with the othei level, and continued alternately between the 
two leveis until the subject learned to pioceed from the lestiaimng 
cage and operate the level itself. On the average, appioximately 
60 trials wcie required to establish the habit. 

When the habit of dcpicssing the leveis was thoroughly mas¬ 
tered the animals were trained to respond positively to tnanglcs 
and negatively to cncles exhibited on caids placed as pieviously 
described on the fronts of the doors. In all of the experiments 
heie reported, a tnangle was employed as a positive oi fr conect" 
stimulus, a cncle as a negative oi “incoircct” stimulus The two 
figures of each stimulus pan were equal in aiea in every case and 
weie exhibited on caids made fiom a smooth giade of stiff draw¬ 
ing paper. 

Each individual animal was given a senes of 20 trials a dav, 
the experiments being carried on between 7 00 and 11 00 o’clock 
in the evening The subject was taken from the living-quarters, 
carried to the experimental 100 m, and placed in the rcstiauung 
cage The time taken by the cat to open the door bcaiing the 
tnangle, as well as its behavior in approaching and depressing the 
levers, was recoided. An arm was counted if the animal touched 
the level conesponding to the negative stimulus. 

When a discrimination had been made and the food eaten, the 
experimenter entered the loom and returned the cat to the icstiam- 
mg cage. The top of the discrimination apparatus was then opened 
and fresh pellets of food placed in the glass container behind the 
doois The food was handled with a pair of small tweezers, in 
order to make suie that no odors would attach to the stimulus 
cards. If an alternation in the position of the stimuli was icquired 
in the next tiial, the appropiiate change was made by removing 
the exposed caids and inserting others in their places Two differ¬ 
ent sets of cards, a positive and a negative stimulus foi each door, 
w x cre employed throughout the experiment When an alternation 
m the position of the stimuli was made, the two exposed cards weie 
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removed and two otheis inserted in tlieir places After the alter¬ 
nation in the stimulus cards, the mastci latch was thrown so as to 
lock the door bearing the negative stimulus, and the electrical circuit 
giving the punishment changed to the lever coiesponding to this door 
During all of these opciations, the experimcntei stood m fiont of 
the discrimination apparatus, making as little noise as possible in 
opening and closing the doors of the box. He left the room always 
in the same dnection. 

The ordei of altei nation of the stimuli between the right and 
left sides of the discrimination appaiatus was arranged with refer¬ 
ence to a chance proceduie. A first series of alternation was cal¬ 
culated in which theie was a possibility of 10 rights and 10 lefts 
This gave an arrangement foi 20 trials, which was then reversed 
in foui different ways, giving patterns of alternation similar to those 
suggested by Gellermann (12). After four 20-tnal senes the four 
difteient patterns of altei nation were repeated in different order. 

When an animal had learned to depress the lever coiresponding 
to the triangle in 18 out of 20 trials, that is, maintain a level of 
90% discrimination in a set of 20 trials, check experiments were 
introduced to ascertain whether the responses were actually deter¬ 
mined by the visual figuies oi whether extraneous cues functioned 
in determining the selection These tests weie concerned with the 
problem as to whether the cat possesses the capacity for the dis¬ 
crimination of two different visual figuies. 

IV. Results 

The subjects were divided into two groups for investigation 
For a first group of three subjects, punishment was employed dui- 
mg the training and discontinued aftci discrimination had been 
established It was introduced aiound the 200th trial for all these 
subjects The intensity of the punishment was adjusted at the 
beginning to give a reading of 0 3 milhampeies on the galvanometer 
and was thereafter laised gradually to as high as 1 milliampeie in 
accordance with its effect upon the behavioi of the animal These 
limits correspond to points of impeiceptibility and easy toleiation 
for a human observe! 

The figures employed in these experiments weie an equilateial 
tiiangle, 4 ms. on a side, and a circle, both 6 96 sq ms. in aica. 
For the first animal white figuies were exposed on hlaclc cards dui- 
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ing the training, while with the second and third animals black 
figures were exposed on white cards The difference in the front 
of the discrimination box for these three animals can be understood 
by reference to Figure 2 



FIGURE 2 

The Oricinal Training Stimuli 

The top drawing shows the stimuli used for Subject 1, the bottom, those 
used for Subjects 2 and 3 

For the second group of animals (subjects 4, 5, 6, and 7) no 
electrical punishment was employed. The stimuli used for these 
animals were the same as those employed for subject 1 in the first 
group (see Figure 2). The experimental set-up for this group 
of subjects was otherwise the same as that employed with the first 
three subjects. 

The number of trials required by each subject to learn the ori¬ 
ginal discrimination, together with percentage of correct responses 
throughout the training series, are represented in Table 1. The 
criterion of learning for these experiments was 90% correct choices 
of the triangle in a set of 40 trials. The first animal, trained to 
white forms on black cards, with food reward and electrical pun¬ 
ishment, required 440 trials to reach the criterion of learning The 
second and third subjects wcie trained to respond to black forms 
on white cards and required 320 and 920 trials respectively to reach 
a level of 90% discrimination of the figures in 40 trials Evidence 
was obtained that the electrical punishment interfered with the 
learning in the case of the third subject When the punishment 
was discontinued at the 800th trial, correct responses to the stimuli 
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were secured within 120 trials No facts wcie brought out as 
to diffeienccs in difficulty of the two visual conciliations 
The second group of subjects, which were tiamed to black forms 
on white cards, leqmred 360, 240, 480, and 400 trials lespectivclv 
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the animal, fiom the moment of lelease to the moment of its ob¬ 
taining food, was alone in the experimental room, and itself pei- 
foimed the necessary manipulation of the apparatus. Clues could 
not have been obtained from the manner of release from the le- 
straining cage because the cage was controlled from the outside of 
the room and the sliding door of the cage was always raised to 
the same height and so held unul the animal had completed its 
response by inserting its head within the doors of the discrimination 
apparatus. 

The influence of olfactory clues was controlled by utilizing two 
different sets of stimulus caids, a cucle and a triangle foi each 
door, and alternating the positions of the stimuli independently of 
other parts of the apparatus Fresh cards were exchanged for used 
ones at frequent intervals Odors horn the food wcic controlled 
by always placing fresh pellets in the glass containers behind both 
doors before each response 

The subjects could not lespond to tactual clues and still dis¬ 
ci iminatc In making a discrimination the cat touched only the 
levers of the apparatus, and if it touched the lever corresponding 
to the negative stimulus an error was recorded Differential clues 
from the electric shock, which might have pcimitted the animal to 
receive clues fiom the ieveis without touching them, were con¬ 
trolled by eliminating the shock after the cntenon of learning lud 
been fulfilled 

The influence of vanous miscellaneous factors, which might have 
served as differential clues, was investigated by means of check 
experiments, each consisting of 20 trials, which were introduced 
when the subjects had met the critenon of learning. These ex¬ 
periments deal with: (1) the method of handling the animal when 
returning it to the lestrammg cage; (2) postuial clues denved fiom 
auditoiv influences due. to opening and closing the doors of the 
apparatus, (3) the oidei employed m the alternation series, (+) 
visual dues due to differences—too slight to be perceived by the 
expcnmentci—in the brightness values of the fiont of the disci un- 
ination box, (5) the intioduction of wlnte cauls 

In order to test the influences of the method of handling the 
animal, a new experimenter took over the subjects foj n senes of 
20 trials with no information as to the pievious mannei of return¬ 
ing the animal to the restraining cage Postuial clues were tested 
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by closing the doors of the discrimination apparatus in random 
order instead of that followed during the training series and by 
turning the subject around in the restraining cage after the ap¬ 
paratus had been arranged for the next trial The influence of 
the alternation order was investigated by introducing series involv¬ 
ing single, double, triple, and quadruple alternation, instead of the 
arrangements previously used. The influence of varying brightness 
values was investigated by raising and lowering the illumination 
of the experimental room and by moving the lights from their 
usual position. White cards were introduced into the doors of the 
discrimination apparatus as the fifth test The results of these 
separate experiments are summarized in Table 2, which shows the 


TABLE 2 

Percentage of Correct Choices in Tests for Extraneous Clues 


Factor 

tested 

1 

2 

3 

Subjects 

4 

5 

6 

7 

1 New experi¬ 
menter 

90 

95 

85 

100 

95 

95 

95 

2 Postural 
clues 

100 

95 

90 

100 

100 

100 

100 

3 Alternation 
series 

90 

85 

90 

100 

100 

100 

100 

4. Changed 

brightness 

95 

85 

90 

100 

100 

100 

100 

5 White cards 

40 

50 

40 

45 

40 

40 

45 

Trial inclusive 
of teats 

540 

1020 

420 

460 

340 

580 

500 


percentage of correct responses for each subject during the separate 
tests, as well as the point in the trial series when the tests were 
made. The character of the tests is indicated in each case. 

It is evident from the table that the subjects were not signifi¬ 
cantly affected by the variations intended to determine the influences 
of extraneous clues. In isolated instances only did the number 
of correct responses drop below 90%, and it was never below 
85% Further evidence indicating that the subjects received no 
differential extraneous clues from the experimental situation was 
furnished by the introduction of blank cards. The fact that the 
failure to discriminate was complete in this test indicated that no 
extraneous clues functioned in determining the discrimination and 
that the visual figures were required for a differential response. 
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As a result of these tests, the positive evidence on visual figure dis¬ 
crimination in the cat was considered to be complete. 

V Summary and Conclusions 

Seven cats weie trained and tested under controlled conditions 
in the discrimination of geometric figures in an attempt to answer 
the question as to whether these ammals could respond to two 
different visual configurations. Of seven subjects used ail learned 
the discrimination of a configuration consisting of a triangle and 
a code of equal area Two animals learned the discrimination 
when black figures were exposed on white cards, five discriminated 
when white figures were exposed on black cards. In both cases 
the cards were exhibited against the black panel of the front of 
the discrimination boY 

A median number of 400 tnals was necessaiy bcfoie the seven 
subjects fulfilled a learning ciiterion of 90% discrimination of the 
figuies in 40 trials The required lesponses were obtained both 
with and without electrical punishment as a condition of learning 
Three subjects were trained with electrical punishment, four with¬ 
out, One subject of the former group showed no progress m 
learning so long as the punishment for incorrect lesponses was used, 
but when it was discontinued the criterion of learning was fulfilled 
in 120 trials. 

The apparatus employed controlled the common sou ices of erroi 
in experiments dealing with visual discrimination. The effects of 
extraneous clues in the method of handling the minimal, the Older 
of altci nation, the manner of opening and closing the doors of the 
discrimination apparatus, and the brightness values of tire fiont of 
the discrimination apparatus weie found to be negligible in a senes 
of check experiments. Also, when blank cauls were introduced, 
the disciiminative lesponses failed to appear The discrimination 
was therefore taken to be a function of the stimuli employed in 
the hainmg 

In general, the data heie secured agiee with the results of othci 
controlled experiments on the visual capacity of mfraprimate ani¬ 
mals Lashley (25) has shown that a circle and triangle offer a 
difficult discilmination for pigmented rats when the jumping-method 
is used Fields (10) has found by Lashicy's method that the aver¬ 
age accuracy of white rats in discilminating a circle and triangle 
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was 86.4% at the 650th tiial The results on visual figuie dis¬ 
crimination in the cat also compare favorably with those obtained 
by Karn and Munn (19) for the dog They found that two dogs 
would disciimmate consistently an upright and inverted tucmgle 
within 900 trials These comparisons are cited to attest the value 
of the cat as a subject for psychological investigation as well as the 
present method of exploration devised for such study. 

Munn (32), in discussing the aspects of method which appar¬ 
ently account foi the conflicting lesults on discrimination of visual 
figures by different animals secured by the Ycrkcs-Watson tech¬ 
nique, as compared to the results obtained with his own and Lash- 
icy’s method, discounts the significance of delayed feeding, while 
attributing the difteience m results to the different methods of 
punishment employed Although the results obtained here do not 
peimit the factor of proximity between stimuli and rcwaid to be 
overlooked as an important influence in determining discrimination, 
the conclusion of Munn as to the significance of differences in 
punishment is emphasized. By the present method the animal was 
shocked simultaneously or shoitly after the response to the stimuli 
had been made, and undci these conditions the punishment definitely 
interfered with the progress of learning in one animal and did not 
facilitate that of others. An additional factor, which has not been 
taken into account by Munn, concerns the relative importance of 
requiring an isolated response on the part of the animal No such 
response is required in any of the maze-type discrimination boxes, 
wheieas in the present experiments, as well as in those reported 
by Lashley and Munn, the animal is required to pause to make a 
definite response in the direction of the positive or negative stimulus. 

The investigation of ceitain aspects of the cat’s visual responses 
to the figures employed in these expenmcnts has already been car¬ 
ried out The results of this study and conclusions concerning their 
significance are presented in a subsequent paper dealing with the 
problem of form discrimination in the cat, 
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LA DISCRIMINATION VISUELLE CHEZ LE CHAT I LA CAPA¬ 
CITY DU CHAT POUR LA DISCRIMINATION VISUELLE 
DES FIGURES 

(Resume) 

Dans un appareil constant pour permettre ^observation contrdlee des 
rdponses du chat mix stimuli vrsueJs on a entralne les nnimauv & repondre 
positivement h un tuangle ct nGgativement h un cercle nu moycn de d£* 
primer un petit levier immediatement sous une porte sur laquelle on a 
montre le stimulus positif De la nouiritiirc plncee sur line planchette 
derridie la porte a etG obtenue quantl lea reponses ont etc correctes D’entre 
sept supers employes tons out nppns h discnmincr cntie un triangle et un 
cercle de memo aire On s’est servl de figures noires sur dcs cartes 
blanches dans l'entralnemcnt de deux de ccs ammaux et de figures blanches 
exposes sur des cartes nones dans I f entrafnemcn.t de cinq Lcs experiences 
de controle ont montic que la inGthode de manier l'ammal ct les stimuli 
exteiicurs possibles n’ont pas infliie aur la discrimination Comme con- 
tiole supplementnire, on a constate que les reponses discruninatives ne ae 
sent pas montrees du tout quand on a present^ des cartes completcment 
blanches au Ueu dcs figures 

Les resultats cUfiniment verifies obtenus dans cette experience sont com¬ 
pares h ceux obtenus sur la discrimination visnclle des figures chez d’autrea 
ammnux On cst en train de faire une analyse experimental des facteurs 
signifiants trouves dans la r£ponse du chat aux cerclcs, aux triangles, et 
d de semblables configurations visuelles 
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OPTISCHE UNTERSCHEIDUNG BEI DER KATZE I DIE FAEHIG- 
KEIT DER KATZE ZUR OPTISCHEN FIGURENUNTERSCHEIDUNG 

(Refcrat) 

In emem Appoint, der zm kontiollierten Beobachtung der Vcrhaltungs- 
weisen der Katze bei optischen Reizen crbaut wurde, wurden Tiere dres- 
siert, positiv auf ein Dreieck und negativ auf einen Kreis durch Nieder- 
druckung ernes kleinen Hebela dirckt unter emer Tur, an der der positive 
Reiz gezcigt wurde, zu rengieren Die Nahrung auf einem Regal hinter 
der Tur wurde von den Tiercn erreicht, wenn die Antwortcn richtig wHren, 
Von sieben Tieren lernten alle ein Dreieck von einem Kreis von demselben 
Flachenmbalt unterscheidcn Zwei von diesen Tieren wurden mit schwar- 
zen Figuren auf weissen Karten und funf nut weissen Figuren auf 
schwarzen Karten dressiert Kontrollexpcrimente zeigten, dnss die Be- 
handlung des lieres und niolgiciie aussere Rcize keinen Einflu99 auf die 
Unterscheidung hattcn Durch eine weitere Kontrolle wurde festgestcllt, 
dnss, wenn blanke Karten statt Figuren vorgelegt wurden, die Unter¬ 
scheidung auablieb 

Die nachgepruften Ergebnisse dieses Experiments wcrden mit denen von 
opuscher Figurenunterscheidung bei andercn Tieren yerglichen Erne ex- 
perimentelle Analyse der bedeutenden Faktoren, die in den Antworten der 
Katze auf Kreise, Dieiecke, und nhnlicbe optische Gestalten voikommen, 
wird dann gemacht 

Smith 
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I Introduction 

The question, what is the stimulus, is ciucial to the picdiction of 
iespouses ranging all the way from the conditioned reflex to insight. 
Watson (14) found that a child’s conditioned fear of a rabbit spread 
to whiskcis, muffs, and many other objects, but the conditioning of 
eating lesponses to the labbit removed all these fears (5). It is cer¬ 
tainly difficult to define the stimulus that was being conditioned here 
In psychophysics the stimuli are already put into a fairly serviceable 
form by physics. In most other fields the definition of the stimuli is 
almost exclusively a psychological problem. Whether or not an or¬ 
ganism will respond to two social situations as similar or dissimilar 
is a query whose answer will not be found m the average engineer¬ 
ing handbook It has long been known that melodies can be recog¬ 
nized though transposed, that objects learned at one distance or 
angle arc often recognized at another though the individual receptors 
and even the spatial pattern of receptors stimulated may be different 
But once we admit, as we must in the face of these and a host of 

'Recommended by Walter Miles, accepled for publication by Carl Mur¬ 
chison of the Editorial Board, and received in the Editorial Office, Novem¬ 
ber 14, 1933. 

'The larger part of this work was done as an MA Thesis at Stanford 
University during the winter and 9pnng quarters of 1932. Acknowledg¬ 
ments are hereby made to Dr Maud A Merrill, Associate Professor of 
Psychology, Stanford University, for her guidance nnd assistance, to Dr 
Harold E Jones, Professor of Psychology and Director of the Institute of 
Child Welfare at the University of California, for the invitation to use the 
facilities of the Institute in carrying out a part of this study; to Mrs Oscar 
A Anderson for the use of the facilities of her Palo Alto Nursery School, 
to Dr Helen Thompson, Research Associate in the Clinic of Child Develop¬ 
ment, Yale University, for assistance in securing subjects; and to Dr 
Walter R Miles, Professor of Psychology, Institute of Human Relations, 
Yale University, for criticizing the manuscript 
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other facts, that the stimulus is not completely simple, we are m a 
dilemma. The stimulus-response formula becomes inadequate to the 
extent that the stimulus remains inexactly defined. The state of 
affairs is made worse if we say that the whole situation is the stimu¬ 
lus, because whole situations nevei exactly repeat themselves. The 
ambiguity of the effective stimulus becomes especially tioublesome 
in the icalms of transfer of ttaimng and insight. The ciucial point 
about experiments in these realms is that the animal is supposed to be 
responding to a new or different situation and a precise definition of 
the effective stimuli m two conti asted situations is necessary if we 
are to know in what respects, if any, a psychological difference actual¬ 
ly exists, 

Since the problem of studying the factois which govern the nar¬ 
rowing of the infinity of possible stimuli gioupings down to certain 
functional units is complex, it appears highly advisable to use the 
advantages of a genetic approach covering as much as possible of 
the developmental range. The undeveloped organism in some re¬ 
spects is simpler than the fully developed one so that the opeiation 
of one function can be obseived in relative isolation from other 
functions which have not yet appeared. Many of the functions 
are more unified at first so that certain relationships can be under¬ 
stood better by watching the early stages of differentiation On the 
other hand, some of the advanced levels of development have their 
functions well specialized so that different aspects of them stand out 
more clearly and may the more easily be obseived Thus each level 
has something to contribute towaid the end of stimulus definition. 
Furthermore, a study of developmental sequences can be made and 
is desirable because when diffeient functions always appear in the 
same sequence some mechanism in common is indicated 

In addition to the light thrown upon gentnal theoretical problems, 
there is a certain practical reason foi making a compaiativc study 
of all developmental levels Rats seem equal to humans in maze 
learning (3), but are obviously inferioi at calculus Infants give 
a more violent negative response to lemonade than to quinine, while 
the reverse is true for adults (10). These and other facts seem to 
indicate that the changes talcing place timing development aie not 
only quantitative but also qualitative Fiom the point of view of the 
selection of the most efficient time and means for any given type of 
training, a knowledge of these qualitative changes is necessary 
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II The Problem 

The purposes of this study were (1) to devise a technique for 
isolating qualitative diffci cnees in perception of children which is 
applicable over a wide age range, especially to very young children, 
and (2) to test this technique by making an exploratory, genetic 
study of some of the more fundamental aspects of perception. 

Sample of Previous Studies Usnadze (13) studied the group¬ 
ing of objects by children three to eight years of age, The objects 
consisted of figures cut out of cardboard and differing in coloi, 
size, foim, markings, and position. Younger children grouped the 
figures according to the spatial relations of subject and material. 
Older children grouped the material accoiding to its characteristics: 
coloi, form, size, markings, this seeming to be the order of case. 

Tobic (12) required 1000 preschool children to choose from an 
array of diffci ent forms, each of which appeared in several colors, 
those which weie like the form of a specific color. Up to 3 yrs. 
8 mos , the relative obtrusiveness of the color or form determined 
which was selected From 3 yrs 8 mos. to 5 yrs 1 mo , the chil¬ 
dren tended to lespond to color. With 5 yis 2 mos, the ability 
to respond selectively to either form or color began to appear. The 
chief drawback to the technique used m this study is that the 
younger children do not understand the directions and exhibit so 
much random behavior that it is difficult to interpret their responses. 

Riekcl (11) gave children sweet chocolate on a medium gray 
plate and very bittci chocolate on a dark gray plate. The 2-4-ycar- 
old children took 60-75 trials to learn to choose the chocolate on 
the medium gray plate. The 4-6-ycai-olds took 20-30 trials When 
medium and light gicy plates were substituted, 42 out of the 60 
children 2-6 years old chose the light gray plate That is, 70% 
(S.E ±6%) 2 of the children chose on a relative basis. 

Luria (9) gave children candy for picking up any cube out of 
a square of 16 cubes and a 17th placed outside. The 1/4-2-ycar-old 
children picked at random The 2j<2-3-ycai-old childien invaiiably 
chose the outside cubes Told to count the cubes m a cross made 
up of 11 cubes, the 2-3-\ear-olds counted at random, the 4-5-year- 
olds counted one array and then the other, but 62 5% of them counted 

The standard error of the percentage This was calculated from Edger- 
ton’s tabic (2) 
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the middle cube twice as opposed to 6.2% of the 8-9-ycar-olds 
Child len 4-6 years of age were lequned to divide a number of 
cubes among themselves Tluee stages of behavior were noted. 
(<?) no effort at planful or equal distnbution, ( b ) figmes made up 
of the cubes and each child given a figuie, ( c) shaics equalized by 
ananging m columns and seeing that columns weie equal 

All of these experiments suggest that a complicated series of 
qualitative changes is talcing place m the peiceptive processes of 
the child. To study these changes, a technique is needed which 
can be applied without too much modification to a large number 
of vciy different situations so that the results from them can more 
easily be compaied In older to be adapted to very young chil¬ 
dren, such a technique should not lequire verbal instruction or mo¬ 
tivation. 

Technique . The technique thought most likely to meet the above 
requnements was the direct method of delayed leaction Hertz 
(4) has used this method to study the effect of configuiation upon 
the behavior of birds. A seed was placed undei one of several 
similar flower pots while the bud was watching from a limb It 
was found that the birds could pick coneetly only a pot which stood 
apait in the grouping. Leeper (8) has secured direct delayed re¬ 
actions from a 13-months-old child. He found that it was able 
to make a discrimination between two objects after a period of 
75* in spite of loss of orientation. We thought that an analysis 
of the types of configurations to which childien of different ages 
could respond might yield a better undeistanding of the laws of 
perceptual development Light pasteboard boxes 2%" by 2 l /%" and 
"Ya deep, coated with red 3 paper weie used, and the situation was 
set up as a game, A toy was hidden undei one of the boxes, a 
screen momcntanly interposed between the boxes and the child, and 
the child directed to find the toy The motivation proved to be 
excellent The chief difficulty with this powcr-of-discnmination 
type of expciiment was found to be that, in order to determine 
the stage of complexity at which the child,en were no longer able 
to respond, it was necessaiy to repeat the situation to such an extent 
that the factor of learning became involved 

At the same time experiments were being conducted with a slightly 

4 Munsell colored papers, maximum red, yellow, green, purple, and blue, 
numbers 4, 20, 12, 36, and 28 respectively, were used in these experiments 
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different type of approach which was found to be a better tool, 
at least for prcliminaiy work. A dclayed-ieaction situation was set 
up m which two or moie cues could be used to identify the correct 
box. After tins original situation had been solved coirectly, it 
was picsented again But this time the set-up was altered during 
the period of delay so that the cues, instead of reinforcing each 
othei, were in conflict Tins lescmblcs the “ciitical-trial” pro- 
ccduie m the picvious refciencc to Riekcl (11), save that the much 
easier direct delayed icaction leplaces the 20 to 75 learning trials. 

Subjects. The subjects wcie 98 cliildicn, langing in age fiom 
11.5 to 162 months. Mrs Anderson's Nmscry School in Palo Alto, 
California, connlhuted 17 ; the Institute of Child Wclf.ue at the Uni- 
vcisity of California, Bcikcley, 36, the Berkeley Day Nuisciy, 19; 
and the New Haven County Home, West Haven, Connecticut, 26 
The social status of the first two of these gioups was considciably 
above average, that of the last two was below average. The re¬ 
sults were tabulated, sepatatcly at first for the four groups, but, 
since the main tiends of tins study wcie found to hold in each, 
they have been combined in this paper. 

General Procedure A number of different experiments were 
tried out on successive days in the Palo Alto gioup Those which 
seemed most promising were selected and combined into two 15- 
minute series. The first senes was composed of the following ex¬ 
periments 1A 2, 5B, and 4. The second senes consisted of IB 
3, 5C, and 6 4 The plan was to rank the subjects according to 
age and give the even subjects the first scries and the odd subjects 
the second senes; then, to give the odd subjects the fhst series and 
the even subjects the second. The following deviations were made 
fiom this plan 1 Irregularities m the schedule caused about twice 
too many subjects to be given the fust scries first; the tiansicnt 
natuic of the gioup at the Berkeley Day Nmseiy made it advisable 
there to administer tile two series at a single sitting, the tiend of 
results indicated that it was unnecessary to administer Expenments 
2 and 6 to all of the subjects, and only Experiment 1A was given 
to the children at the New Haven County Home The differences 
in proccduie aie between the vanous groups. Since the major 
trends of tins study hold within each of these gioups, it can be 


'See description of experiments 
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concluded that they are not aitifacts of the differences in pro- 
ceduie 

III. Experiments and Results 

Experiment 1 Position and coloi enter into almost every ex¬ 
perimental set-up The logical place to begin seemed to be with 
these in their simplest possible configuiation. The puipose of this 
experiment was to deteumne foi a discrimination between two boxes 

(1) the effect of age in a conflict among the cues, position relative 
to the other box, position relative to the subject, and coloi, and 

(2) the effect of the distance between the two boxes in the same 
conflict 

Two boxes, by 2 ]/{' and £4" deep, one red and the other 
yellow, were placed befoie the subject on the edge of a white, 
paper-covered table 8 feet long. A table of such length was used 
in order that the table-ends might be removed from the situation. 
The white paper was used to give a homogeneous surface to the 
table. In set-up A the boxes were placed so that then centers 
were in line with the tips of the subject’s shoulders. In set-up B 
the boxes were twice that distance apart It was thought that this 
dimension of the subject, the dimension which enters most into the 
reaching situation, would be more significant than an absolute di¬ 
stance. 

The procedure was to seat the subject in a chair opposite the 
experimenter and say, “Do you like to play games? See the dog. 
It’s a nice dog, isn’t it? See the boxes, Now I’m going to hide 
the dog under a box Look I” At this point the toy was hidden 
Then, a white pasteboaid screen, 36" by 20", was interposed be¬ 
tween the boxes and the child, and held there foi 10 seconds. 
“Now see if you can find the dog. Fine I” Then the toy was 
taken from the subject and hidden under the same box. “Now 
see if you can find the dog again,” This piocedure seemed to 
produce veiy good motivation with almost all of the subjects. With 
a few, interest had to be kept at a maximum by using other toys— 
boats, crickets, dolls, rabbits, etc. The children of less than 18 
months presented some special problems, since it was hard to get 
objects which weie more attractive to them than the boxes them¬ 
selves Graham crackers were used At other times, objects sucli 
as tape measures, radiator keys, and spools, in which the children 
seemed to be showing a temporary interest, were more successful 
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The youngest were encouiagcd to find the .objects by gesture and 
example. 

The finding procedure was repeated until the subject got the 
idea as evidenced by two collect choices in succession These weic 
usually the first two trials. Then the cutical trials were made 
In these the situation was alteied behind the screen, and a toy 
identical with the one hidden was put under the hitherto empty box. 
Thcie were thiee critical tnals in tins experiment. The toy wns 
hidden in the same manner before each trial. In Figure 1 let the 
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FIGURE 1 

The Sunra Made in the Three Critical Trials or Experiment 1 


top line of squares repiesent the situations before the screen was 
interposed and the lower line represent the critical choice positions 
Let us designate each of the latter by a number for purposes of 
refeience And below each number let us symbolize the dominance 
of the cue that each choice indicated: £ for color, pis for position 
relative to the subject, and ptb for position relative to the other box. 
If the child uses the same cue consistently throughout the series of 
critical choices and that cue is color, he should choose 2, 3, and 5. 
If the relative position of the boxes to each other is lus cue, he should 
choose 2, 4, and 6 If position relative to himself is his cue, he 
should choose 1, 3, and 6. And if the box having two cues is always 
.selected, he should choose 2, 3, and 6 There arc four other un¬ 
classified possibilities 1, 3, 5 —1, 4, 6—2, 4, 5—and 1, 4, 5 

The data of this experiment aie presented graphically in Figure 
2 The results were as follows. 

1 Only 2% (SE ±1 5%) of the cutical choices of the children 
11.5-60 months of age fell into one of the four unclassified patterns 
of response Since there were eight possible patterns of response, 
one-half of the total number of random choices would be expected 
to fall into one of these four Thus the most probable peicentagc 
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Key 

B Poiihon relative to other box 0 Position relative to the subject 
0 Color of the box E) TV box with two cues m its favor 

ES Inconsistent response or response to some other cue 


FIGURE 2 

Thb Percentage of Responses to Each Cue tor Successive Age Intervals 
UNDER THE Two CONDITIONS OF EXPERIMENT 1 
A—with the distance between the centers of the two boxes equal to the 
width of tlic subject’s shoulders 
B —with this distance doubled 


of cases in which these children did not choose consistently on the 
basis of one of the four specified cues is 4% (S.E.±:3%). 

2. The percentage of choices in the unclassified category in¬ 
creased consistently with age There weie 22% (S E.±6%) of the 
critical choices of the children 61-172 months of age which fell into 
some one of these four patterns of response 

3. Only 6% (S.E.±2%) of the critical choices of all of the chil¬ 
dren fell into the pattern indicating that the box having two cues 
in its favor was always selected. 

4. Changing the distance between the center of the two boxes 
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ficm the width of the child’s shoulders to twice that width did not 
have a significant effect on the percentage of choices on the basis of 
coloi, two cues, m chance. Tins change caused 46% (S.E it 11%) 
of the position choices to be shifted from the basis of position rela¬ 
tive to the other box ( prb) to the basis of position relative to the 
subject {pis). 

5 Position, relative to the subject oi to the othei box accord¬ 
ing to the set-up, was almost completely dominant over color for 
childien under the age of three. 0 Tins dominance decreased mark¬ 
edly and consistently with age. 0 

6. The frequency with which coloi was used as A dominant cue 
increased rapidly between the ages of three and five 7 

7. The distubution of the responses of the oldci children among 
more categories and the consistent mu case with age in the number of 
responses in the last, or unclassified, category indicates that the 
older children weie responding to a greater v.uicty of cues. 

Experiment 2. In most situations configuration and position arc 
combined in iathei complex manners The purpose of this experi¬ 
ment was to obseive the effect of age m a conflict for dominance 
between two cues, namely, a certain simple configuration and a com¬ 
bination of position relative to the subject and position relative to 
the other object. Four red boxes were placed side by side to form 
a square and a fifth box was placed 6 ins. to one side of the square. 
The procedure was the same as in the previous experiments A toy 
was hidden undei the fifth box and found by the child twice in 
succession In the critical trials the fifth box was shifted to the 


"This agrees with the previously quoted results of Usnadze (13) on the 
grouping of objects by children Yerkes and Ycrkes (16) find chimpanzees 
react much more readily to position than to color 
“The data in Figure 2 tend to suggest that position relotivc to the other 
box is a more primitive cue than is position relative to the subject tt was 
the oldest of the children hi the age range 11 5-2+ mos who contributed the 
one response in this class interval on the Intler basis (Figure 2B) The 
youngest, 11.5 mos, chose on the basis of position relative to tlic other box 
even when the boxes were so far apart thnt she had to lent! and stretch 
to her utmost to reach the "correct'' one She was allowed to maintain her 
orientation in these trials Subsequently she demonstrated that she was 
able to react successfully the first time to cither side after a 10-second period 
of being swung around and shaken above her mother’s head 
T A similar increase in the dominance of color over form has been found 
by Tobic (12) and by Brian and Goodenongh (1) Our results suggest 
that the dominance of color may fall off somewhat after the age of five 
This would parallel the results of the latter investigators on color <vs, form. 
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other side of the squaie and similar toys were under all of the boxes. 
The results ate summarized in Table 1 It can be seen that in this 


TABLE 1 

Responses in Experiment 2 
{19 cases)* 


Subject 
age in mos 

Configuration 

dominant 

cue 

Position 

dominant 

cue 


115-2+ 

0 

4 


25-36 

2 

0 


37-48 

6 

0 


49-60 

3 

0 


61-7+ 

4 

0 



*The probability that the array in this table was produced by chance 
rathci than by some change related to age is lower than 002 


situation position is the more primitive cue, but that the configuiation 
becomes dominant ovei position at an eailicr age than does color 
(Figure 1A). 

Experhnent 3 The purpose of this experiment was to observe 
the function of age in a conflict for dominance between two cues—a 
certain configuration and a certain color The set-up was similar 
to that of the preceding experiment except that the fifth box was 
yellow. The toy was hidden and found under this box in the usual 
manner In the critical trial this box was exchanged with the red 
box from the corner of the square adjacent to it and the child 


TABLE 2 

Responses in Experiment 3 
(56 cases) 


Subject 
age m mos, 

Configuration 

dominant 

cue 

Position 

dominant 

cue 

11 5-2+ 

1 

0 

25-36 

5 

5 

37-48 

1+ 

9 

49-60 

6 

4 

61-74 

1 

6 

117-132 

3 

2 


The results are summanzed in Table 2 None of the children 
chose any of the thicc boxes that had no cues in their favor There 
was a 14% (S.E.±14%) increase in the percentage of choices on 
the basis of color from 49-132 months over those fiom 21-48 months. 


CRITICAL CHOICE REACTION IN CHILDREN 


331 


It would appeal that the coloi cue and this specific configuiation run 
a more parallel course of development than do color and position 
(Figure 2A). Moie cases would be necessary to draw definite con¬ 
clusions An examination of the behavior of the children of 25-36 
months in this cxpcutncnt compaied to then behavioi m the pre¬ 
vious two experiments brings out some facts which aie rather sug¬ 
gestive. In Expcnmcnt 1 ydative and absolute position combined 
aie stiongci than color foi 82% (S E zt9%) of these childlen 
In Expennicnt 2 configuiation is stronger than relative and absolute 
position combined foi 100% of these cluldica But in Experiment 
3 configuration plus relative and absolute position combined are 
strongci than coloi fm onlv 50%; (SErtl6%) of the same chil- 
dien These lesults suggest that foili boxes of the same color and 
one of a different coloi is a sttonger oi more piimitive cue than 
the same difference of coloi between two boxes 

E\pct uncut 4, The purpose of this experiment was to observe 
the use of the cue, “box-of-a-dtfterent-coloi,” as a function of age. 
Three red boxes and a yellow one were placed together to form a 
square on a piece of white cardboard placed over a small disk that 
could be rotated by hand. The toy was hidden undci the yellow 
box, the disk was given a slow spin, and while it was still revolving 
the sciecn was mtei posed Aftei a 10-second delay, the screen was 
withdrawn and the boxes brought to rest with the box covering the 
toy in a different position from that in which the toy had been 
hidden This procedure was repeated till the child made three suc¬ 
cessive conect choices. 8 In the critical trial three green boxes and 
a purple box with toys under each box were substituted for the 
three red boxes and the one yellow box A choice of the purple box 
was molded in the U use-box-of-d]ffcrcnt-color n column, a choice 
of one of the green boxes was reemded in the “faihnc-to-use-box-of- 
differcnt-color” column. If the choices were entirely random, one- 
fourth would be expected to fall into the former and three-fourths 
into the latter, 0 The results are summarized in Tabic 3. There 

8 Position habits were hard to break up ivith the very young children, 
confirming the results of Experiment 1 Placing the toy on top of the yellow 
box during the first rotation of the disk or allowing the child to make his 
first choice after the boxes had been slowly rotated in front of the screen 
seemed to be practical aids \n teaching the child the initial delayed reaction. 

'In the light of the results of the previous experiments, it is probable 
that, if the choices m the latter column were analyzed, they would be found 
not to be random, but to be consistent on some basis other than the cue 
“different 11 
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TABLE 3 

Response in Experiment 4 


(35 cases) 


Use box- 

Box-different- 

Subject 

different-color 

color not 

age in mos 

as cue 

used as cue 

11,5-24 

2 

0 

25-36 

6 

3 

37-48 

7 

4 

49-60 

8 

0 

61-74 

3 

1 

117-132 

1 

0 


is a definite tendency of even the younger children to use the cue 
“box-of-a-diftetent-coloi,” 10 It was found that 68% (S E ±10%) 
of the childien 11-48 months of age chose the puiple box as opposed 
to the 25% (S.E.±10%) who would be expected to by chance. This 
is a diffeience of 43% (SE±14%) There is a suggestion of a 
tendency for the oldei childien to use this cue more often than the 
youngei as 92% (SE±8%) of the children of 49-132 months 
chose the purple box This is 24% (SE ±13%) greater than the 
percentage fot the gioup of 11-48 months 

Expei iment 5 The preceding experiment shows that a configura¬ 
tional difference of color, independent of the specific colors involved, 
mav be used as a cue by vciy young children. The Gestalt theory of 
development, if we undei stand it correctly, would predict this result 
by the following line of reasoning. Development is a differentiation 
or individuation of the whole into its parts. 11 Configurational re¬ 
lations are functions of tire whole and absolute relations, so-called 
sensations are functions of the parts Therefore configurational 
relations are moie primitive than absolute relations 12 Since the- 
different-color is a configmational relation, it will be a more primi¬ 
tive cue than the-specific-color which is an absolute relation. 

'“Kkiver (8) finds that monkeys have a tendency to pull in the different 
object first In order to get some idea of whether the behavior of our 
children was determined by this general habit or by a transfer from the 
immediately preceding delayed reaction, we reversed our expenment on 
four subjects who had used difference in color as a cue Toys were hidden 
under the three red boxes but none under the yellow In each of the critical 
trials the three purple boxes were picked up befoie the green one 

'See Wheeler (IS) page 14, line 30, nnd page 529, line 42, to page 530, 
hue 27 

u See Koffka (7) page 141, line 25, to page 142, line 12 
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It can be seen that the Gestalt thcoiy of development piedicts that 
very young childien will respond to a configuiational difference in 
coloi and that a response to tins cue will be a more pnmitivc type 
of reaction than a response to specific colors It was the purpose of 
the piescnt experiment to test the latter part of this deduction by 
studying the function of age in a conflict for dominance between 
the cues hox-of-a-specific-coloi and box-of-the-differcnt-color Ac* 
coaling to the Gestalt theory the dominance of the latter should be 
relatively gicatci among the youngci childien 
Three procedures wcie used 5A—The child was taught, as in 
the preceding experiment, to find the toy under the yelloAV box in a 
squaie made up of thiee red boxes and one yellow box. In the 
cntical tnal the child was confronted with a squaie made up of 
tluce yellow boxes and one led box 5B—A blue and a green box 
were placed \ l / 2 inches apait m the center of a pasteboaid square 
6' # by 6", coveied with blue paper. The whole was placed on our 
little disk that could he rotated. Tiie toy was hidden under the 
green box and the children taught to find it regardless of position, 
ns in the previous expenment In the critical trial, similar blue and 
green boxes, but this lime on a green background and with a toy 
undei each, were substituted. 5C—The procedure was the same 

as the second except that Hering grays, No 12 and No 25, were 
used instead of blue and giecn. With the youngest child, a girl of 
23 months, a slightly modified set-up consisting of two light gray 
boxes and one dark giay box on a light gray backgiound was used 
to make the factor of diffeicnce stand out as strongly as possible. 
In the critical trial this was changed to two dark boxes and a light 
box on a dark background. The results of 5A, 5B, and 5C are 
summarized in Tables 4, 5, and 6 respectively, 


TABLE + 

Responses in Experiment SA 
(15 crises) 


Subject 
age in rnos 

Ilnx-difTerent-color 
dominant cue 

Box-spccific-color 
dominant cue 

11 5-24 

0 

1 

25-36 

0 

4 

37-48 

0 

5 

49-60 

0 

2 

61-74 

1 

1 

117-132 

1 

0 
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TABLE 5 

Responses in Experiment SB 
(16 cases) 


Subject 
age in mos 

Box-different-color 
dominant cue 

Box-specific-coloi 
dominant cue 

11 5-2+ 

0 

0 

25-36 

0 

4 

37-48 

0 

4 

49-60 

0 

5 

61-74 

0 

0 

117-132 

3 

0 


TABLE 6 



Responses in Experiment 5C 



(14 cases) 


Subject 

Box-different-color 

Box-specific-color 

age in mos 

giay dominant cue 

gray dominant cue 

11,5-2+ 

0 

1* 

25-36 

0 

3 

37-48 

1 

3 

49-60 

0 

+ 

61-74 

0 

0 

117-132 

1 

1 


♦This was the 23-month-old girl who was given the set-up modified to 
reinforce the factor of difference 


The trends in all three expenments are the same, If the results 
are combined, the specific coloi is dominant over the configurational 
difference foi 97% (SE ±2.7%) of the children under 61 months 
old and for 25% (S E ±15%) of the children over that age The 
diffcicnce is 72% (S,E±16%) m a direction opposite to the one 
deduced fiom the Gestalt principles. This is in line with the 
apparent trend in the preceding experiment. Together, Experiments 
3, 4, and 5 would seem to show that a configurational difference in 
color, independent of the specific colors involved, can be used as a 
cue at an age when the dominance of position makes it difficult for 
the child to use color at all, that such a configurational diffcicnce 
may leinforce strongly the use of color as a cue; but that, if the 
configuiational factor as a cue comes into conflict with a specific 
color, the latter is dominant with the younger child] en and more 
dominant the youngei the children These expciiments have dis¬ 
closed a realm of perception in which the specific factors aie onto- 
genetically prior to the configurational ones, a trend of development 
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opposite to the one discovered by the cxpcilments upon the absolute 
and the relative discrimination of grays 

Ekpenment 6 The fact that none of the 56 children in the criti¬ 
cal trials of Experiment 3 chose any of the three out of five boxes with 
no cues in their favor is a type of consistency that is important but 
not so very surprising In Experiment 1, however, we have a slight¬ 
ly different situation Every box has a cue in its favor, and incon¬ 
sistency is merely a matter of choosing first on the basis of one cue 
and then on the basis of anolhei. Yet, only 4 % (S E =h3%) of 
the choices of the childien 11 5-60 months of age failed to be con¬ 
sistent. This almost pci feet individual consistency coupled with 
only a general group relationship between type of cue used and age 
lias two possible explanations 

1 Individuals belong to types In each type a ccitain cue is 
completely dominant Certain types arc more or less character¬ 
istic at certain ages. The consistency is explained by the complete 
dominance of the cue 

2. No one cue is completely dominant The fust choice is made 
after more oi less of a conflict The age of the subject is one factor 
in determining the outcome of this conflict. A semi-transient com¬ 
bination of cneumstances is another. If the cue tentatively se¬ 
lected leads to a solution, it tends to become completely dominant in 
similar situations We found consistency, because leward reinforces 
the dominance of a cue and the child was always rewarded in the 
critical trials. 

The purpose of this experiment was to decide between these 
possibilities. Wc took 13 children, scattered throughout the age 
range, each of whom had responded consistently ten minutes pre¬ 
viously, and put them thiougli an experiment exactly similar to 
Experiment 1, except that thcie were no toys under the boxes in the 
critical trials The result was that the number of choices falling 
into the inconsistent categories increased to 31% of the total choices 
Since only 50% (S.E±14%) of the true numbci of inconsistent 
choices would be expected to fall into these categories and since 
eveiy one of the choices fell into a category different from the 
one ten minutes pievious, we may conclude that removal of reward 
changes the behavior in this senes from almost peifect consistency 
to almost perfect inconsistency. This indicates that the second 
of the two possibilities outlined above is, in all probability, the cor¬ 
rect explanation. 
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IV. Discussion 

The lesults of these expeuments suggest a way in which future 
lesenrch will he able to discover that appaicntly landom behavior is 
following perfectly definite laws. They also suggest certain inter¬ 
esting relationships between the piobletns of learning, tiansfer of 
training, and insight. It would seem that in a new situation there 
is a conflict among reactions to cues from pieccding situations. These 
cues may be quite complex even with young childien. Our ex¬ 
periments have pointed the way towards the ascertainment of the 
manner in which the outcome of this conflict is detei mined bv the 
age of the subject, the structure of the situation, and the lesuits of 
previous reactions. If the set-up is such that the leactions to the 
dominant cue happen to be reinforced, the lcsult is called either 
tiansfer of training or insight 13 If the set-up is such that the 
reactions to the dominant cue happen to be fiustrated, these re¬ 
actions are weakened until the leactions to the next most dominant 
cue operate. The repetition of this piocess often gives the illusion 
of random behavior. If the cue that the experimenter has decided 
to call coirect is made relatively stionger, the lcsult is called learn¬ 
ing. Since the vaiious trials in a learning senes are only iclatively 
similai, this piocess is really the setting up of a specific type of trans¬ 
fer of training. Thus it can he seen that the cue, as a channel of 
transfei of training formed by the operation of an envii oilmen tal 
trend towards consistency upon a native level of neural oigamzntion, 
16 a cential, unifying point of attack upon the pioblems of random 
behavior, learning, tiansfer, and insight 

Summary 

A combination of the method of cntical trials with the direct 
delayed leaction lesulted in a new technique which enables the ex¬ 
perimenter to dispense with the 20 to 60 training tnals involved in 
the older method of critical choices and which piomises to be very 
useful, especially with young children, in attacking genetically the 
problem of stimulus definition. 

ls In our first experiment where ail cues were reinforced, the behavior of 
the younger children was nearly completely consistent demonstrating almoit 
perfect, though different, insights or transfers It was more difficult to 
detect consistency in the behavior of the older childien It might seem that 
their behavior was less insightful Our hypothesis is that these children 
were responding to cues more complex than the ones we were studying 
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In the experiments leported the attack upon the problem of the 
definition of the stimulus was the deteimination of some of the 
factors which govein the dominance of cues. It was found that 
almost every choice in a senes of altered situations was made on 
the basis of definite cues from previous "similar” situations. The 
different-color, a configuiative diffeienco not dependent on the 
specific color involved, could be used as a cue by children, even in 
the early ages where they had difficulty m learning to use color as 
a cue at all. But if this cue conflicted with a specific color, the 
latter was dominant with the younger subjects. The dominance of 
cues was found to be a function of 

1 The aqe of the subject In the situations used in these ex¬ 
pel iments position was the cailicst cue; a simple configuration next; 
and coloi the last. The older child leu seemed to he responding to a 
much more complex situation than were the youngei 

2. The structure of the situation. Increasing the distance be¬ 
tween the two boxes weakened the cue "position-iclative-to-the-other- 
box” and stiengthened the cue "position-relative-to-the-subject M A 
yellow box, as distinguished from four red boxes, seemed to be a 
stronger or more piimitive cue than a yellow box, as distinguished 
fiom a single led box. 

3. The outcome of previous choices tn "similar 1 conflict situa¬ 
tions A change from the reward of eveiy choice in a series of criti¬ 
cal tiials to no leward changed the behavioi from almost complete 
constancy to almost complete variability of dominant cue. 
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LA PERCEPTION DES ENFANTS UNE ETUDE GtNETIQUE 
EMPLOYANT LA REACTION KETARDtiE DE CIIOIX 
CRITIQUE 

(Rdsumd) 

L'emploi de la reaction retaidee directe pour elimmer lea vingt A salxante 
6prcnves d’entrainement clont ll s'agit dans I'ancienne mdthode des choix 
critiques a produit une nouvelle technique non-verbale qm donne des 
esp^rances 

Dans six experiences avec 98 enfants on a dtudie les facteuis qm 
gouvernent la dominance des suggestions Presque chaque choix dans une 
sene de situations changes s’est montid base sur des suggestions d6finies 
remontant A des situations anterieures “seinblables ” La coulcur diffdrente, 
une suggestion configurativc initepcndante de coulcnrs sp6cifiquca, pour- 
rnit etre employee par les enfants trAs jeunes, Si celle-ci etait en conflict 
avec une coulenr specifique conime suggestion, la dermere dominnit chcz 
les jeunes sitjets, La dominance de la suggestion s'est montree une fonction 
de 

1 L'age du 9iijet La position, une configuration simple, et la couleur 
out constitu^ l'oidre gdn^tique trouvd dans ces tests Les enfants plus 
ag^s semblaient repondre a line situation beaucoup plus complcxe 

2 La structure de la situation, Une plus grande distance entre les 
boites a renforc£ la position absolne aux depens de la position relative 
Le jaune distingue de quatre rouges a ete une suggestion plus forte que 
le jevme distingui d’un rouge 

3 Le resultnt des choix anteneuis L'enl&vement de la recompense 
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d'unc sci le d'epreuves critiques a change lc compoitement d'unc Constance 
presque complete i une variability presque complete de la suggestion domi’ 
nante 

On discutc les implications des l^sultnts pour les theories de I’appren- 
tissage, le trnnsfcit dc I’cntramcment, et la comprehension 

Mil LER 

DIE WAIIRNEIIMUNG DER KINDER EIN GENETISCHES STU- 
DIUM MIT DER KRIFISCIIEN WAHL UND DER 
VERZOEGERTEN REAKTION 

(Refcrat) 

Durth die Anwcndiing dei veizogerten Reaction, um die zwanzig bis 
scchsig Traimngubungcn, wclche bci der nltcn Methode dcr kntischcn 
Wahl notig waren, ausziischnlteti, mid cine ncuc versprccliungsvolle, mclit- 
vcrbale Methode gebmiicht 

Die Faktoren, die das Ikmchen dci Fmgerzeige bccinllussen, wuiden 
m scchs Lxpernnenteii mit 98 Kindern untcrsucht Fast jede Wahl in ciner 
Rcilienfolge von verandeiten Situationen bcriihte auf bestimmten Fmger- 
zeigen aus fruheicn ".ihnlichcn” Situationen Der Ausdruck “eine andere 
Fiirbc” (eln Gcstaltfingerzeig), dcr nnabh.ingig von bestimmten Farben 
wm, Unnte a udi von sehr jungtn Kindern gebiaudit wculcn Wenn dies 
in wideistrcit nut einei bestimmten Faibe als eincm Fingerzcig genet, war 
dcr Fmgcrzcig bci den jungcien Kindein voihcmchcnd Das Vorherrschen 
vom Fingcrzeig stellte su.li heraus als eine Funktion: 

1 Vom Alter des Kindcs Stellung, eine einfache Gestalt, und Farben 
machtcn die gcnettschc Reihenfolge, die in diesen Tests gehi audit vvurde 
Die altercn Kinder schicnen auf erne welt koinplcxere Situation zu reagieren, 

2 Von der Struktur der Situation Groasere Entfernungen zwischen 
den Schachteln verstarkten die absolute auf Kostcn der rclativen Stellung 
Die unterscheidung des Gel ben nus vier Rotcu war em Fingerzcig starker 
als die Unterscheidung des G cl ben von cinem Rotcn 

3 Vom Ergcbma frulieier Wnhlcn Daa Entfcrnen der Helohnung von 
emei Rcilienfolge kutischer Wahlcn veranderte das Vcrhnlten von der 
fast vollkommcnen Bestandigkeit bis zur fast vollkommenen Vcrander 
lichkiet des vorlierrschenden Fingerzeigcs 

Die Folgcuingen aus den Ergebmsscn in be/ug auf Theoncn des Lerncna, 
das Ucbcrtragen von Uebimg, und Einsicht werden erortert 
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CONGENITAL CATARACT AND UNLEARNED 
BEHAVIOR" 

Fiout the Psychological Laboiatoiy of the UtHOetslly of VlUjnna 


Wayne Dennis 


Introduction 

We have been interested foi same time in the possibility of sub¬ 
mitting to expci imental attack the topic of human instincts defined 
as unlearned behavior. The unlearned behavior of the human 
being has foi too long been left to the atmehan investigator. In 
our opinion the expei imental approach is possible While several 
recent studies of “imtuiation” aie inclined m this dnection they 
unfortunately fail to distinguish between the matination of a re¬ 
sponse and the maturation of the ability to leant the response. The 
investigation of unlearned behavioi m human subjects is theiefoie 
almost without piecedent and without methods, 

In casting about foi a condition that Natuie herself may occasion¬ 
ally impose which removes or minimizes ceitain possibilities of 
learning, we thought at nn eaily date of the probable usefulness of 
cases of recovered congenital catmact In these cases theie exists 
a deprivation of many visual experiences which may be brought to 
an end by the suigeon at neatly any desued time The cases seem 
at first glance to offer an excellent opportunity for the psychologist 
to discover what responses to visual stimuli are capable of develop¬ 
ment in the absence of vision. 

As a consequence of this interest wc shall submit below a brief 
survey from the point of view of unlearned behavior of cases of 
recovery from congenital blindness reported to date. Befoie enter¬ 
ing upon this summary, however, a few introductory considerations 
must be presented. We may say, in the first place, that observers 

‘Accepted for publication by Carl Murchison of the Editorial Board and 
received m the Editor!al Ofhce, November 8, 1983 
HVe are indebted to the Institute foi Research in the Social Sciences at 
the University of Virginia for providing the fieedom from teaching and 
the a (.cess to bibliographic sources which, made this study possible We 
must also thank Dr, Wtlmer of the Wilmer Institute of the Johns Ilopkins 
University for valuable counsel 
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of cataiact cases usually have been relatively unmteiestcd in un¬ 
learned bchavioi and lienee then observations upon that point aic 
incidental The chief puipose of many students of recovery from 
congenital blindness has been to seek an answer to “Molyneux's 
query." Molvncux wrote Locke propounding the question of 
whethei a pci son who was boin blind and who had learned by 
touch to tell the diffeiencc between a cube and a sphere would also 
be able immediately to tell them apait by sight The bcanng of this 
question upon theories of space peiception need haullv be mentioned 
here It was not long aftei the placing of this question that many 
sought to answei the quciy, or others lclated to it, thiough the study 
of these cases In most ease rcpoits, the inteiest of the observci 
has centered largely on the visual recognition of tactual forms Ex¬ 
cellent lev lews of the ease reports chiefly fiom the standpoint of this 
interest will he found in the papeis of Bom don and Hippcl With 
refciciKc to Molyneux’s quciv it may be said that the gencial 
conclusion which has been aimed at is that some peisons submitted 
to opeiation foi congenital blindness can recognize some objects 
visually but that these cases do not meet the conditions of the prob¬ 
lem because they have not been, stnctly speaking, blind Since this 
conclusion was reached, psychological interest rn the topic has some¬ 
what decreased, thcie being fewei entries in the bibliography from 
1900-1925 than fiom 1875-1900 Our latest title is dated 1915 
In preparing our present bibliography we sought to make it 
include all scientific reports concerning the bchavioi of recoveicd 
congenital cataract cases, hut neveithcless we were foiccd to omit 
four references which aie cited m Helmholtz 1 Physiological Optia 
(translation edited by J. P C Southall) Two of these (Hofbauei 
and Grant) wcic excluded because they were too incomplete for 
identification of the publication and two of them (two papeis by 
Uhthoff) because they were in publications to which we could not 
obtain access. We have omitted sevcial accounts which have oc¬ 
curred in popular magazines in the past five ve.us as they aic of such 
doubtful value In addition to congenital cataiact eases we have 
included one reference to lecoveiy from noil-congenital cataiacts and 
one lcfcrencc to rccoveiy from hlcphaiospasm These eases picsent 
some of the same opportunities for psychological study as do the eases 
of blindness from bnth, and the icfcrences cited will introduce one 
to the litcirrture on this allied subject 
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Preliminary Considerations 

The data from cataract operations cannot be evaluated without a 
preliminary consideration of the nature of the cases In the first 
place, it is necessary to point out that none of the patients is ever 
completely blind. The lens is nevci so opaque but that some light, 
as for instance that received when the subject is looking at the sun, 
is transmitted to the retina. Thus neatly all subjects can distinguish 
temporal brightness differences and many can sec well enough to 
follow lights or to locate objects, windows, etc Since the cataracts 
vary widely in their extent, location, and opacity, theie aie accoid- 
mgly wide differences ui the vision of peisons with cataracts Some 
individuals, however, aie iepoited to receive so little light upon the 
retina as to be unable to see colors (scotopic vision) even under 
very high external illumination, and it is obvious that detail vision, 
or vision for objects, is absent in the more sevcie cases But it ts 
sui prising that in some cases m which objects cannot be distinguished 
visually diiccted leaching may be quite accuiate It is therefore 
important to know the exact vision and perfoimance of any subject 
before the opeiation. 

Secondly, the patients invariably or almost mvaiiably suffei fiom 
a continual nystagmus which lasts for seveinl weeks after the re¬ 
covery of vision. It seems likely that the nystagmus is caused, some¬ 
how, by long exposure to pool illumination of the eye, as seems to be 
the case also in coal-mincis’ nystagmus and in the spasmus nutans 
of children, and that the ocuiai movements continue as a habit aftei 
the unfavorable lighting is replaced At any rate, nystagmus is a 
post-operative disability which must be taken into account m the 
study of these cases. 

Thirdly, one must considei in inteipieting the post-operative prog¬ 
ress in vision the type of operation which is used in the removal of 
the cataract. If discission or needling is peifoimed, the cataiact is 
merely broken up and is left in the eve to be absoibed In this in¬ 
stance the recovery of vision requucs a period of time which vanes 
from subject to subject. Often several operations aie necessary. 
On the other hand, if the cataiact is removed by extinction, the 
optical system may be nearly as peifect immediately after the 
opeiation as at any later date, although of course the development 
of eye coordination and the elimination of nystagmus mav piogicss 
gradually. Occasionally iiidectomy is peiformed instead ot either 
of the operations mentioned above. 
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Tests of Unlearned Behavior 

1 1 tsual Pi?faences A survey of the case reports upon re¬ 
covery from congenital blindness leave one with tlie impicssion that 
theie is no unifoimity whatsocvei in the post-opeiative visual pref- 
ciences of the subjects Foi almost any preference a conespond- 
ing antipathy may be found in another case. Wc cite below nearly 
all of the statements which can be found concerning this topic in the 
accounts of the cases in which vision foi color and objects was 
thought to have been absent pnoi to the operation 

Trinchinetti’s cate, a bov of 11, picfcued yellow. In contrast 
v»ith tins, the case desuibed by both Latta and Ramsay, a man of 
30, upon bust seeing yellow became so sick he thought he would 
vomit, hut the feeling nevci lectured. In some agreement with the 
fiist account to be mentioned is Wauliop’s report of a boy of 14 who 
picfeired yellow gloves, but who was more pleased by other colors 
in other objects 

Latta and Ramsay’s case, mentioned above, and Trinclnnetti’s 
other case, a girl of 6, both preferred md. However, we shall soon 
find that at least one case (repoited by both Miner and Heard) 
found led foods lcpulsive 

Home’s first case, a bov of 12, was at the beginning photo¬ 
phobic, while the cases of Vuipas and Eggli, a boy of 4 and a girl 
of 5, found the light agieeablc. Other accounts show this same 
difteience with lespect to the agrecableness of light. 

The woman, 29, studied by Russell thought cveiything was beau¬ 
tiful, although Miner and Heard's subject, a woman of 22, says. 

I could not lump; myself to eat anything but milk, mashed 
potatoes or bread—they looked clean but toast or meat or 
eggs looked duty and disgusting I could not cat tomatoes, 
beets oi in,ist beef of which I had been veiy fond—they were 
so red and hard and the looks of them sickened me 
I penned in throwing dresses and waists out of my closet 
because they were too gaudy 

The lattci individual thought that human faces were repulsive and 
that mouths weie like black holes, whereas Franz says of his patient, 
a boy of 17, “The human face pleased him moie than any other 
object picsentcd to view” Latta rcpoits that the man descnbed 
by him took little esthetic lntciest in the human face. 
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In contrast to W,"lie's boy, 7, and Cheselden’s boy, 13, who 
pieferred objects which weie smooth, Mmei and Heaid’s case pie- 
feied blurted outlm.es 

It is obvious that no adequate method of studying visual prefer¬ 
ences has been used in any of these studies. Pait of the diveigencc 
of the lesults is no doubt due to the diveisity and unreliability of the 
measures of preferences, which consist almost entirely of casual 
questions and observations While the disagreement of the subjects 
argues against any universal unlearned picfeiences, we must con¬ 
clude that the accounts aic not decisive for the absence of such 
pieferences because of the poor quality of the data. Howevei, the 
srnvey reveals no leasons why the use of adequate lesearch methods 
would not be fruitful. 

2 Reaction to Distance. Some, peisons with not too severe cata¬ 
racts are capable of reaction to distance even in the “blind” state 
If we exclude such cases, the evidence seems conclusive that an 
accurate appieciation of distance does not appear immediately fol¬ 
lowing the operation. The most usual test to he used in this con¬ 
nection is that of placing an object m front of the subject and ic- 
questmg him to reach for it The childicn observed by Vurpas 
and Eggh had no success m reaching for an oiangc Trinchinetti's 
child subjects likewise failed in a similar test Carpentei’s case 
groped for objects The cases of Nunneley and of Russell are re¬ 
ported to have had no idea of distance Similar inaccuracy is ic- 
poited by Ahlstiom, Fishei, Huschbeig, Raehlman, and Mmoi. 
It is interesting to note that two men between 60 and 70 who 
weic operated upon by Lobanow and whose cataracts weie not 
congenital but had existed for 17-21 yeais also weie inaccurate in 
reaching for objects upon lecovery from their blindness These 
cases as well as congenital ones seem to present good evidence that if 
any unlearned connection between teaching and vision exists it is 
either very temporaly or of a low older of accuracy. 

It can he rightfully urged by those who hold that some distance 
estimation is unlearned that the operation, in destroying the lens and 
thus the act of accommodation, destioys an essential pait of the 
reacting mechanism. It is also true that no quantitative statement 
of accuiacy has been obtained. 

Some of the errors in distance estimation aic amusing as well as 
interesting. The man described by Lntta and Ramsay soon after 
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the gaming of his vision went up a flight of stalls taking two steps 
at a time without discovering his enor Hcaid and Miner’s sub¬ 
ject wiites: “If I tried to walk with my eves open I stepped so high 
every one laughed at me” The man dcscnbcd by Minor a year 
after one eye had been cleared of its cataract (the second eye was 
still unoperated) could chop wood better with his eye closed than 
with it open. 

By way of postscupt we may say that only two individuals (Nun- 
ncley’s case and Home’s second case) have agreed with the patient 
of Chcseldcn, who was the fust to be described psychologically, tlut 
everything seemed to touch his eyes. 

3. Intci est vi Visual E.\pei lence. The situation in this field is 
very similat to that which exists in the lealm of visual prcfeiences, 
that is, the individual cases differ enoimously The subject of Dor's 
obscivations, a man of 22, made very rapid use of vision Other 
cases, too, show much interest in then newly acquned scnsoiy field 
For instance, Minor writes concerning the man of 40 icported by 
him* “With the exclamation, ’I can see’ he became a changed man 
His one object in life was 'to sec.’ ” Russell’s subject was over¬ 
joyed to find she could see, Schanz’s case learned leadily, Dufour’s 
case was enlivened by sight, etc. On the other hand, the two chil¬ 
dren, 4 and 5, reported by Vuipas and Eggli did not react to light 
and continued for an unspecified length of time to act as in the past 
although their eyes were clear. Several months elapsed after the 
removal of the cataracts before Caipentei’s 3-year-old subject came 
to use his vision as other children do If the slowness of adaptation 
be attiibuted to immaturity in these cases, it cannot be so attributed 
in the case of the man of 21 concerning whom Albertotti writes 
“He did not wish to tiy to use the visual sensations which he ie- 
ceivcd and thus, left to himself, he returned some months aftci to 
the deplorable state m which he was befoic the operation” (namely, 
unintciested in anything) The sistci, 31, of the young man pre¬ 
viously mentioned as described by Latta and by Ramsay, in contiast 
with her biother, made little use of her newly aequocd sight 
Uhthoff in Ins account lefers to a subject who showed little intciest 
m his vision 

Such lepoits serve to emphasize the need for correlation with 
abilities, pie- and post-opeiative vision, pievious habits, personality, 
etc, Hovrevei, unless we assume that an instinctive factor has 
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been distorted by habit intcrfeieiicc, these descriptions give no im¬ 
pression of a uniform native intcicst in the visual environment qua 
visual, 

4. Visual Ferns. We have been unable to find any repoit of 
fear either of a specific object or of the visual envuonment m general 
during the days immediately following the operation Thcic is 
some mention of fear in the article by Hemd and in the mono- 
guph by War (hop but not as one of the initial lenctions. Par¬ 
ticularly in the juvenile cases, it seems likely that shrinking and 
crying would ha idly have been intentionally suppressed noi would 
they have escaped notice had they been present. The absence of fear 
is noteworthy in view of the fact that several studies in child psy¬ 
chology have recently shown that strange or unusual or unexpected 
objects elicit negative responses in many children The behavior of 
the cataract cases probably indicates that a ceitam amount of visual 
experience with objects is necessary before any visual stimulus can 
function as "stiange” or "unexpected.” If this is so, one would 
expect the cataract cases to show fear toward visual objects only 
when some time had elapsed after their acquisition of detail vision. 
Unfortunately the case histones seldom cover a sufficiently long 
period of time, nor are they comprehensive enough, to test this de¬ 
duction. 


Discussion 

The study of this body of interesting literature has been disap¬ 
pointing in that it is inconclusive with regard to our problem. To 
be sure, we have failed to find good evidence that visual preferences, 
interests, or fears are unlearned or that reactions to distance are 
Unlearned. On the other hand, it may be urged that the negative 
results are not decisive for several reasons. The chief of these lies 
in the non-quantitative as well as in the incidental natuie of the 
observations On the whole, it seems to us that the literature 
which we have just cited weakens rather than strengthens the case 
for the existence of unlearned visually controlled coordinations be¬ 
yond those present m the newborn, but we realize that this is a 
conclusion whose probabilities of correctness cannot be stated 
But, though it be concluded the cases which have been described 
have not yielded very significant data upon the topic of the matura¬ 
tion of behavior patterns, we are of the opinion that cases of con- 
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genital cataract may yet be of a gieat deal of service in this 
connection In reading the rcpoi ts which we have cited one cannot 
escape the conclusion that adequate methods for the study of 
behavior, and particularly of the bchnvioi of the child, have never 
been used with this material Studies of the visual prefeiences and 
of the visually controlled reaching of formerly blind people have 
never been quantitative or comparable from subject to subject and 
this criticism could be extended to all other topics of investigation 
encountered in the case reports. We feel that some of the methods 
which have recently been developed in child psychology would yield 
valuable data with these cases. This is true not only with refer¬ 
ence to the problem of maturation but in respect to many other 
problems as well If, for instance, results with respect to the un¬ 
learned development of behavior prove to be negative, one has the 
opportunity of studying in these cases certain pioccsscs of learning 
which could never be studied in their entirety in the normal child 
because they cover too long a period of time Their usefulness 
in the investigation of true age differences in the learning of visual 
cooidmations is also apparent. 

We aie convinced that the utilization of these "natural experi¬ 
ments 11 is cntuelv feasible In the course of a two years’ interest 
in the observation of these patients we have found hospitals and 
ophthalmologists to be cooperative and the fiequency of the cases to 
be greater than we had supposed. However, in ordci to study a 
case adequately one should be m a position to devote lus entire 
time to it upon short notice. Ordinarily the experimental penod is 
limited to the hospital penod The ideal plan for the investigator 
would be to reside foi a penod of time in a huge ophthalmological 
hospital, prcfeiably one in which the method of extinction is com¬ 
monly used because of the quicker unpiovcment of vision in these 
cases. 


Summary 

We have indicated that some congenital cataracts constitute a 
nearly complete depnvation of vision and that the removal of the 
cataiacts by opeiation furnishes an oppoitunity for the study of 
initial icsponscs to visual objects at a vannble interval beyond birth 
This set-up for a 'natural expeiuncut" suggests itself as being 
valuable as a method for the study of unlearned responses to visual 
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stimuli. It is also appiopuate to othei problems such as the study 
ot visual learning at vaiious ages with past experience nearly absent. 
We have icvicwed the liteiatuie upon the effect of the removal of 
congenital cataracts fioni the standpoint of unlearned behavior and 
have found no positive evidence of an unlearned contiol of behavior 
by visionj but we have indicated reasons why this negative result may 
not be conclusive. 

It is suggested that the application of adequate lesearch pro- 
ceduies to cases of rccoveiy fiom cataract may yield valuable data 
concerning the development of behavior ancl some of the require¬ 
ments of such an investigation have been outlined 
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LA CATARACTE CONGENITAI.E ET LE COMPORTEMENT 
NON APPRIS 

(R6sum6) 

On a indiquc que quelques tatarnefes congenitales constituent une perte 
de vision presqtte compile et que i'enievement des catarnctcs par une 
opeiation faurnit 1’occasion d’fitudicr les reponsea initiates aux objets visuels 
i un in ter valle variable apres la natssance Cet arrangement pour “une 
experience natureite" se suggere comine m6thode de valeur pour I'6tude 
ties reponses non apprises atnc stimuli visuels On pourrait Pemployer aussi 
pour d’autres problcmes tels que l’etude de I'apprcntissage visuel h divers 
5ges, i 1 experience passee £tant presque absente On u r6sume ce qu'on a 
6cnt sur l’effct de l’enlevement des cataractes cong£nitalea au point de 
vue du comportement non appris et l’on n’a trouvi nolle Evidence d'un 
controle non appris du comportement par la vision, mais on a indiqu6 des 
raisons pourquol ce r£sultat n6gatif peut etre non conclusif 
On suggere que I'applicahon de proced6s adequats de recherche aux cas 
de gu^nson d’une cataracte pent c6der des donn£es de valeur sur le de- 
veioppement du comportement et I'on a resume quelques conditions essen- 
tiellea d’une telle investigation 

Dennis 


ANGEBORENER KATARAICT UND UNGELERNTES VERHALTEN 

(Referat) 

Wir haben darauf hingewiesen, dnss emige angeborene Katarakten cmen 
fast vollkommenetl Verlust des Gesichts verursachen, und dass die operative 
Entfernung der Katarakten eine Gelcgenheit zum Studium der ersten Ver- 
haltungsweisen in Hinsicht auf optischc Gegenstande in emem verander- 
lichen Zeitraum nach Gcburt geben kann Dieses ''Naturexperiment'' zeigt 
stch als sehr wertvoll zum Studium der ungelernten Reaktionen auf 
optische Reize. Es ist siuch zvyeckmassig fur nndere Problems, wie die 
Untersuchung optischen Lernens in verschiedcnen Altern, wo yergangene 
Erfahmngen fast fehien Wir haben die Fachliteratur uber die Wirkung 
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dcr Entfcrnung von angeborcncn KataraWten vom Stniulpunkt ungelernlcn 
Verba] tens untersiicbt, und iiabcn kcjne posuiven Bcwetse da fur, dass es 
cine imgelernte Kontrollc des Verhaltena dnrch das Gesicht gibt, aber wu 
habcn Grunde angegcben, warum dieses negative Ergebms nicht endgultig 
scin durfte 

E 9 vviril vorgcschlagcn, dais die Anwendung einer adnquaten Versuchs- 
anordnung auf Wicderherstcllungs/alle von Katarakten wcrtvolles Ma¬ 
terial hinsichtlich der Entmcklnng des Verb-nuns an die Hand geben 
mag, Einigc der Forderungen einer solclicii Llntersnchung sind vom Vcr- 
fasser aufgcstelll wot den, 

Dennis 



THE ADAPTIVE BEHAVIOR OF INFANTS IN THE 
UTILIZATION OF THE LEVER AS A TOOL: A 
DEVELOPMENTAL AND EXPERIMENTAL 
STUDY* 

Front the Yale Chnvc of Child Development 


Helen M, Richardson 


Introduction 

The experiments desenbed here wcie part of a larger investigation 
of the growth of adaptive behavior in infants. 1 A more elaborate 
account of the majoi poition of this study has been published in 
Genetic Psychology Monographs foi Septcmbei-October, 1932. 

Statement of Problem The problem was to analyze the develop¬ 
ment of adaptive behavior Lorn the age of 28 weeks through 52 
weeks in situations calling fot a very simple use of tools to attain 
an objective. The tools were of a type that is physically connected 
with the objective, a string tied to a remote toy, or a horizontal 
lever that could be rotated to bring in reach a toy earned on the far 
end. A grill served as a barner which necessitated the use of the 
tool to secure the remote objective, The stung experiments are 
described in the monograph mentioned above The picsent paper 
deals with the level problems In addition to analysis of develop¬ 
ment, the proceduie permitted a comparison of behavior befoie and 
after demonstration of rotation. 

Historical Summary Investigations of adaptive behavior in 
analogous lever problems have made use of animal subjects almost ex¬ 
clusively and have not emphasized the developmental aspect of the 
behavior 

Shepherd (15), with 11 rhesus monkeys as subjects, employed a 
light wooden lever 18 5 inches long, its neai end being attached by 
hinges to a base 4 inches from a grill The lever was inclined away 

^Accepted for publication by Arnold Gcsel! of the Editonal Board and 
received in the Editorial Office, July 31, 1933 

This study was made at The Yale Clinic of Child Development in 
1930-1931 The wnter gratefully acknowledges the advice and assist¬ 
ance of Dr Arnold Gesell and Dr Helen Thompson in planning and 
conducting the study, and their helpful criticism of the manuscript 
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fiom the grill at an angle of 45 degrees. By moving it forward in 
a veitical plane, food on the far end could be biought in leach AH 
but one of the subjects succeeded m the first trial The chief diffi¬ 
culty was adjustment of the hand to the proper opening rathci than 
failuie to attack the appaiutus in the propei mannei. In a similar 
lntci cxpenment Shepherd (16) found that a cat was unsuccessful. 
He concludes that the monkeys gave evidence of adaptive intelligence 
and that the cat did not At the same time he admits that the 
appaiatus may not have been sufficiently well suited to the cat’s 
motoi equipment 

Ncllmann and Trendelenburg (13) call attention to the fact 
that Kohlci’s diagonal slung expemnent (11, p. 207) is essentially 
a lever pioblem in which the pivot is distant, the long aim sctvcs 
as a handle, and the objective is between the end of this aim and the 
pivot The chimpanzees’ behavior in this situation furnishes one 
of Kohler's strongest aiguments for “insight" Ncllmann and 
Trendelenburg use the teun “piunary solution” to cover a case in 
winch a problem, on the veiv first occasion of its being encountered, 
is solved without aid of overt imitation, “tiial and erroi,” or “being 
put through." With a horizontal level pivoted at the near end, to 
be pulled with the hand between the pivot and the objective, they 
found that a rhesus and a pavian monkey achieved piimaiy solutions. 
Though they admit the possibility of transfer to this situation fiom 
similar use of a slender bianch in wild life, they emphasize the fact 
that such transfer to the laboratory pioblem would show a significant 
capacity foi adaptation. In a turntable experiment, likewise, they 
obscived primary solutions by both the rlvcsus and the pavian, pre¬ 
ceded by two oi three testing movements 

Drcschei and Tiendclcnburg (3) report that m turntable experi¬ 
ments a Java ape, a young rhesus, chimpanzees, and orangs gave 
primary solutions, but cats were unsuccessful One cat accidentally 
brought the food almost in reach, but seemed unable to continue 
the adaptive procedure 

Yerkcs (19), with the gorilla Congo, used a turntable in study¬ 
ing the delayed reaction Congo’s ability to adapt to the turntable 
was not called in question. 

Guillaume and Mcyerson (6) outline a scries of categories to 
which tools for securing remote objects may be assigned According 
to their classification, levers like those with which wc are concerned 
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are tools connected with the object and subjected to mechanical 
conditions. Guillaume and Mcycison used two levers m which two 
sticks formed a cross that turned about a centiai point, the objective 
being fastened to the extremity opposite the cage. In the case of one 
of these levers, an obstacle limited the possibility of lotation to one 
direction. A third lever was similar to the one dcscnbed by Shep' 
held An account of their experiments with chimpanzees (7) 
stiesses the great adaptability of the animals and the authors' feel¬ 
ing that no simple mechanical explanation of the behavioi is possible 
Adams (1), in his studies of cats, employed thiee types of levers* 
one similai to Nellmann and Trendelcnbuig’s, and two with a pivot 
between the objective and the handle, so th.it the force had to be 
applied in a direction diffeient fiom that in which the objective 
should move Adams emphasizes the importance of accustoming 
the animals to the experimenter and the experiment loom and of 
adapting the apparatus to the motor equipment of the subjects His 
subjects showed great individual differences in motivation and in 
adaptive behavior. Two out of eight were successful with the first 
type of lever and apparently mastered the problem after two ti mis. 
With the other two levels likewise two cats weie completely suc¬ 
cessful One cat was successful m all three pjoblems. Adams* 
conclusions from Ins whole series of expenments are that "motor 
and perceptual adaptation are indissolubly associated and develop 
concomitantly*’, that insight is "a special case of adaptation, both 
perceptually and behavioi ally”, and that what is often called trial- 
and-error learning might be called a “small insight” and that what 
is frequently called mental trial and enoi might be called a “big 
insight ” He notes the haimony between his views and those of 
Hobhouse (9) and Tolman (18). 

Kluvci’s (10) studies of the use of tools by monkeys include one 
diagonal-stung problem (p. 239) similar to Kohler’s and two com¬ 
plicated by extra stiings. His two subjects weic immediately suc¬ 
cessful in the simpler problem, achieved a slightly inteilor solution 
in the second, and responded correctly aftei one error in the third. 
He notes that the chaiactenstic fiist reaction of the monkey con¬ 
sisted in “doing something m the direction of the goal," that dis¬ 
tances in the duection of the goal cannot be consideied equivalent 
to distances of the same length in other directions, and that the 
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“piopcitics of the field” changed lupullv untlci the influence of 
ti .lining 

Studies of adaptive hch.ivioi m infants have used othci techniques 
than Ityct piohkms, In Biamaid’s (2) senes of c\|ieuments with 
his 30-munths-okl daughlci theie is a diagonal-stung piohlcm like 
Kohlei\ I'he icsults v\eie similat to Kohlei’s the child pulled 
lust in the dncction of the stung, then moved it along fioin one space 
of the gnd to anothei until the objective came in icaili 

dhauuh'] of the Pn’\tnt S/urf\\ The piescnt study makes i 
gtnctic appioach to the question of adaptnc bchavim in these pioh- 
leitis, not thtough companng one genus with anothei, Init tlnough 
nliseiving human infants at age mteivals of fmn weeks dm mg the 
six months' pound m which thev pass hom incapacity to capacity 
to cope successfully with tluvi piohlems As yvas indicated in the 
wntei’s eailiei monogiaph (N), the wink of (lesell (4) has been 
mlluential in suggesting the problem and the pioceduic 

Ml I HOD 

Subjet /r. 'The subjects yyue the same infants as those used in the 
wutei's othei expeiunents (14) except that (ml F lias been omitted 
A detailed account of the constitution of the gioup (a “supciioT 
latliei than an aveiagc gioup) is given in the e.ulici monogiaph and 
is not lepcitcd heic Each of the 10 hoys and 5 gills yvas scheduled 
to l>e examined once c\ r eiv font weeks fiom the age of 28 weeks to 
52 yyeeks inclusive The total mini he i of examinations actually 
given was 79, the numbei at each age langmg liom 10 to 12 Tin. 
aveiagc numbei foi each infant was 5 1 

Apfuiuttus ami jMotle of Piocrduii J 'Flic examination mom and 
cub ami the gencial method aie desciihed m the monogiaph above 
mentioned Eiguie 1 slums the cub yyith a loyv tabic at one end 
and the gull haunt TIil special app.uatus foi the level expei i- 
niuits consisted of a hght-giav hoaid 27 \ 19^ x inches, to 
which a ted stnp of wood I8*T x 1 \ inches and 1 j inch thick xyas 
attached by a piyot scicyv 5 )\ inches fiom one end A tiav canyung 
a toy yyas fastened to the end of the longci aim of the level Tile 
tiav yvas of coloiless celluloid, 4 inches in diamctci, with sides about 
2 inches high, and yyas held in place by tyvo ciossed hi ass stiips 
bent up and hooked ovci the sides 'Flu* pivot scicyv was loose 
enough to allow fiee lotation of the level The pivot point xyas 
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maiked by a washci '/z inch in diamctci uiulci the J't-inch head 
of the brass scicw The bomd was to be placed on the table top 
hist with the level in position A (Figuie 2, a) Fiom this position 
the tiny could be btought in leacli or to the gull by lotatmg the 
lcvci countci clockwise, either by pushing the shoit arm to the right 
01 by pulling the long atm to the left, A nail in the boa id ncai the 
nght-hnnd edge of the fat end of the level pi evented clockwise 
lotatvon fiom position A. Figure 2, b, shows a second method oi 
presenting the level, which will be designated position B 

Bcfoie any cxpci indentation began the infant had been accustomed 
to the examination situation m a “waimmg-up” pci tod, and hefoic 
the lcvei was piescntcd he had been tlnough a seiies of stung- 
pulling cxpciiments and had been in the expci orient loom fiom JO 
to 45 minutes. His mother's piesence was permitted if it seemed 
necessaiy to put him at ease 

At the appiopuate time in the seiies of expeuments (14, p 231), 
the lever boaid was laid on the tabic behind the giill, in full view of 
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Lever Bo\rd, Showing Lever in Positions A and B 

the infant, who was in the crib at the time The lever was in 
position A and the infant was seated directly in front of the lever 
A small handbell 3 was rung by the Examiner, and, while the infant 
was reaching for it, the bell was moved down to the end of the lever, 
jingled again, and set on the trav The infant's behavior deter¬ 
mined the length of time allowed for a trial, which varied from 25 
seconds foi those at 28 weeks who merely sat and stared to about 5 
minutes for one at 48 weeks who tugged and rotated much. If 
the “luie ,) were not brought in reach from position A, the Examiner 
visibly' rotated the level to position U, rang the bell again, and again 
set it on the tray. If success were still lacking, the Examiner gave 
a demonstiation by twice lotating the lever, with her hand on the 
short arm, between position A and a position with the tray touching 
the grill The lever was then left in position B. In 5 of the 
79 examinations, the demonstration was followed by a re-prcscntation 
in position A Success in A or B was followed by a re-piesentation 
as long as interest seemed to warrant it. 


a The hand bell was similar to those used in Gesell's developmental 
examinntions (4, Figure IS) 
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Occasionally in these re-pi esentations it seemed desirable to sub¬ 
stitute anothei lure for the bell, when it appeared that the latter 
had lost its motivating efficacy, Other small toys used foi this pur¬ 
pose were a blue celluloid automobile, a loly-poly doll, a yellow 
wooden duck with led -wheels, and a flame-coloied celluloid rattle 
with black markings that suggested a fish. 

A second trial when the first was a failuie was given to one infant 
at 32 weeks, to one at 40 weeks, to two at 44 weeks, to four at 48 
weeks, and to one at 52 weeks. All but one of these second trials 
were in position B and consisted in restoring the lever to position 
B after it had been turned to A Only two of these second chances 
brought success These two weie at 48 weeks 

Time lccords weie kept by the Examiner with a stop-watch, and 
aie available for most of the trials A running account of the be¬ 
havior was dictated to a stenogiapher who was stationed behind a 
one-way-vision scieen. 

I Treatment of Results The number of subjects at each age 
permits giving a quantitative form to the results The number of 
infants in whose records a given behavioi item occurs at a given age 
in a given situation has been counted, and these frequencies, divided 
by the number of infants examined at the age in question, form the 
basis of the peicentages that appeal in the tables and graphs of 
lesults. Some of the most significant aspects of the behavior, how- 
evei, call for descriptive rather than quantitative treatment 

Analysis of the Material Results and Discussion 

Influence of Age on the Behavioi Table 1 shows for each infant 
at each age the situations that were piesented and the number of 
successes in each 

The results shown in Table 1 are roughly summarized in Figure 
3, which does not take account, however, of the number of successes 
by each infant. This graphic presentation of results suggests that 
age or development hears an important relation to success and that 
an important step in maturation occuis between the ages of 40 and 
44 weeks, 

To ascribe this mipiovement with age to maturation more than 
to specific “practice effects 1 ’ from tiials at eailier ages is in accord¬ 
ance with the conclusions of Gesell and Thompson (5) fiom their 
studies of learning and growth by the method of co-twin control 
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FIGURE 3 

Successes in Position A or B defore or after Demonstration 


Though maturation is probably fundamental, however, it is not 
claimed that development is wholly uninfluenced by the infant’s own 
activities. The daily manipulation of objects, even though it is non¬ 
specific with reference to a particular test situation, may very well 
contribute both to motor and to peiceptual development. This 
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point will be consideied again aftci a more detailed presentation 
of results 

Figure 4 gives a more refined analysis of the behavior in position 
A, showing some of the developments that precede success At 28 
weeks only 70 per cent of the infants appicached the lever and only 
50 per cent contacted it Between 28 and 32 weeks there was a 
pionounccd increase in the number who tugged at oi moved the 
level. The line representing the pcicentagc who rotated the lever 
counterclockwise runs almost parallel to the line representing suc¬ 
cesses, though it luns at a gieatei height Inferior methods of ap- 
pioach and attack, such as saatchmg or poking at the lever or screw, 
reach a peak at 36 weeks and then decline in frequency 

It seems unquestionable that development of motoi capacity for 
getting through the gull is an important factor in adaptation to this 
situation. This conclusion is suggested by the data in Figure 4 and 
is likewise supported by the fact that at 32 and 36 weeks a much 
smallci percentage of infants moved the lever when it was in position 
B than when it was in position A (Table 2) In position B the 
near end of the lever is farther from the gtdl than in position A. 
1 he techniques used in the present study, of course, barely touch the 
surface of the problem of motor development The arm and hand 
movement which Halverson (8) designates as “approach” m his 
thorough study of cube prehension is undoubtedly involved in the 
capacity to get through the grill. Halverson found a shift fioin a 
preponderance of circuitous approaches to a preponderance of straight 
ones between 32 and 40 weeks and found at the same time a con¬ 
spicuous lowering of the height of the appioach In the lever ex¬ 
periments, before thcie can be success in position E by pulling on 
the long aim, the infant must he able to leach with secure giasp a 
position at least 6 inches inside the gull The average infant at 
28 weeks can grasp a cube at this distance on the open table top (S), 
but it is another mattei to accomplish this tluough a gull bauier. 
Befoic thcie can he success in position A by pushing on the shoit 
arm, there must he capacity foi a rather fine wrist lotation "Wnst 
rotation’’ (supination and pronation involving hand, wrist, and fore¬ 
arm) appears in Gcscll’s 1928 nouns (4) at seven months 

Docs the peiceptive attitude towaid these situations change with 
advance in age ? The question of peiceptive attitude rcquucs the 
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making of inferences fiom the obseivable behavior. Heic our treat¬ 
ment must be largely descriptive and only loughly quantitative 
Doubtless one should not think of the lever and the lure as the 
sole potential stimuli to action There are also the gull, the sides of 
the crib, the platfoim, not to mention the Examiner, the chair on 
which the infant may be seated, and the infant’s own pcison The 
hands of the infant may giasp the gull rods (true of 50 per cent at 
28 weeks), he may pull himself toward the grill, lie may turn to the 
side rail, ciccp, oi pull himself to standing (Table 3). Usually, 
however, the lever and lure appealed to he conspicuous and focusing 
figures in the situation, at least foi a brief time 

TABLE 3 


Locomotor Activity (Posmou A) 


Arc 

in ■nceks 

Percentage who 
turned to enb rail, 
crept, or 

pulled to standing 

Pcrcmlnge who 
pulled to standing 

28 



32 



36 

17 

8 

40 

30 

10 

44 

58 

25 

48 

6+ 

6+ 

52 

92 

92 


The outline of possible perceptive attitudes towaid this configura¬ 
tion which is given below is admittedly from the point of view of 
the experimenter, but it is suggested by tile behavior of the infant 
subjects Figure 4- furnishes some data foi this section, also Table 
4, which shows the number of successes in A and in B which were 
brought about by pushing on the short arm alone, by pulling on the 
long arm alone, and by a combination of these two methods. 

1 The bell may lcccivc attention to the exclusion of the lever. 
This does not appear very likely, on account of the sue, color, and 
position of the lever At 28 weeks 2 infants out of 10 are not re¬ 
ported as fixating or approaching the lever in position A, and 5 are 
not reported to look at or approach it in position 13 At 32 weeks 
these numbers are reduced to 1 out of 12 in A and 2 out of 10 in 
B At 36 weeks one infant apparently did not regard the lever in 
position B No infant who failed to regard or approach the lever 
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made any approach to the bell beyond leaning forward and giaspmg 
the gi ill 

2. The lever may be an object of interest in itself, aside fiom 
its lelation to the toy on the tray. We found evidence of tins sort 
of bchavioi in our string expciiments (14), but it was practically 
negligible after 44 weeks. In the lever cxpenments, the lcvei was 
ficqucntly approached and grasped before the lure was set on the 
tray To be sure, the tiay could have been considered a distant 
objective even then, and at times it was biougbt in reach and manipu¬ 
lated. Unfoitunately, quantitative evidence cannot be given heic 

3 The lever may be considered a tool analogous to an unic- 
stricted attached stung (14), to be pulled dnectly in as a means to 
transposing the lure. Figmc 4 shows the frequency of such diicct 
tugging m position A In position 11, similar pulling applied to the 
slioit ann icsultcd m rotating the lever town id position A. At 32, 
36, and 40 weeks, all who moved the lever in position B pulled it 
in this niannci at least once At 44 weeks tins was true of 78 pei 
cent of those who moved the lcvei from position B, at 48 weeks of 
89 per cent, and at 52 weeks of 62 pei cent At these ages there 
weie an increasing number who reached the longer arm of the lever 
and pulled on it. Though the fruitless diicct tugging on the short 
arm must be considered an error even if the infant is meicly trying 
to draw out the lever and not the lure, may it not be considered a 
“good eiror,” in Kohler’s words (11, p. 194), and considered the 
mark of an inference, though a false infciencc? As Lindemann (12) 
says, the behavior was governed by the visual rather than by the 
physical structure of the situation Adams (1) might call this a 
“small insight.” Tolman (18) might say that a certain postulation 
of the goal position was evidenced. A number of infants repeated 
these direct tuggings thiec or four times in position A, using light 
and left hands alternately This need not he consideied a blind repe¬ 
tition of an error objects which appear to be fastened firmly do not 
always remain fast. After 44 weeks this diicct tugging m position 
A declines in frequency, 

4 When the infant in position B secures the lure by reaching 
beyond the pivot and pulling the long arm of the lever toward him 
while he eagerly watches the lure, he is not only using the lever as a 
tool analogous to an unrestricted attached string (the force being 
applied in the direction in which the lure is to move) he is also 
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responding coircctly to the physical structure of the situation. But 
is tins physical structure perceived ? Usually it appeals that the 
infant is merely 1 caching as near as possible to the lure. Increasing 
successes with the use of this method in position B may be due to 
increasing capacity foi arm extension and to increasing interest in the 
remote, complex lure in prefeiencc to the neai, simple stick. One 
may say that when the infant has sufficient motor maturity the 
dynamics of the situation favor success without observation of the 
function of the pivot being necessaiy The cases that come neaiest 
to suggesting a ludimentary observation of this function are those 
of Gill E at 52 weeks and of Girl A and Boy J at 44 weeks. Girl 
E was the only one who at 52 weeks employed the method of rotat¬ 
ing the lever by the long arm in position A, and she adopted this 
method in A after success with it in position B. In a thud trial 
after two unhesitating successes m A, she got her hand first on the 
short arm of the lever and shifted it beyond the pivot before making 
the rotating movement. Gnl A at 44 weeks in position B, in her 
second trial after the demonstration, began with one brief clockwise 
pull on the short arm, but shifted beyond the pivot and pulled in the 
long arm. Boy J at 44 weeks in position A, having pushed the short 
arm until he could easily get his left hand on the long arm, began to 
pull on the long arm, but slipped below the pivot and sent the tray 
lotating away Promptly he shifted his grasp beyond the pivot 
and brought the bell to where he could secure it 
5. To learn to apply foice to the tool in a direction opposite to 
that in. which the objective is to move appears to be a more difficult 
matter than to leam to apply it in the same dnection, if one judges 
by the number who weie unsuccessful in position A but successful 
m B. There is no evidence, to be sure, that this is more difficult 
than to peiceive the function of the pivot. Successes m position A 
were almost all accomplished with at least an initial rotation of the 
short arm of the lever, and some successes in B weie also of this type 
(Table 4). 

In learning to bring the lure nearer by pushing on the shoit arm 
of the lever, was there trial with giadual elimination of errors, or 
observation and immediate repetition of successful moves? 

It seems reasonable to suppose that the first successful movement 
of the short arm, at least in its beginning, must be of an exploratory 
nature or even accidental. How can the infant know in advance that 
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the level is movable in this way until lie has discovered the “physical 
structure” tluough trial in tins oi analogous situations? A success¬ 
ful procedure begun by trial or accident may sometimes be accom¬ 
panied by observation of a 1 elation between this proccduic and Us 
result and may be continued or repeated with “foresight ” Perhaps 
one can infei that success is accompanied by observation of (or in¬ 
sight into) successful moves when there is a series of rather prompt 
and cirorlcss successes, possibly preceded by a relatively long explora- 
toiy tiini, but not picceded by a senes of successful tnals with 
gradually diminishing time and eirors. One may infer that success 
has come without adequate observation (or insight) when it is not 
repeated (provided there is evidence that motivation continues) 
Our piocedurc did not provide the Thorndike type of experiments 
(17), with long time allowance and repetition at relatively slioit 
mtcivals, which show a gradual elimination of cams and reduction 
of time until the goal is icaclicd with a minimum of time and move¬ 
ment. The tunc records that we have for some series of successes 
appear to be measures of motivation and emotional adjustment as 
well as of proficiency, and cannot be taken simply as indicative of 
presence or absence of insight. But our method brought out clearly 
enough in some cases the distinction between the infant who seemed 
able easily to repeat Ins successes and the one who did not, 

An example of success apparently without insight in position A 
is provided by Boy D at 36 weeks, the only age at which lie biought 
tile lure in reach The first move was a turn of the hand on the tip 
of the lever which brought the tray in reach, and the bell was 
secured in 35 seconds aftei some difficulty in disentangling it from 
the tray and the grill In two following trials there was no success, 
although theic was evidence of interest in the hell Sixty seconds 
were allowed foi the fiist ic-tiial, then D was taken out of the cub 
for an intcival and returned for nnothci trial This time lie began 
to fret and turned away aftei 20 seconds in which he had reached, 
along the lever with light, left, then right hand without grasping it. 
If there was a flash of observation here, its lcsults appear very short¬ 
lived. 

More indicative of insight is the pciformance of Girl B at 44 
weeks. Her protocols aie reproduced here 

As soon as the lever board is in place, B gets her hand on 
the short arm of the lever and tries to tug it toward her She 
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rotates it about 40 degrees in the counterclockwise direction 
The lever is returned to position A by the Examiner The 
handbell is lung B reaches for it with left hand as the Ex¬ 
aminer moves it to the far side of the grill and sets it on the 
tray Right hand is also active B has turned the tray about 20 
degrees before the bell is put in the tray Left and right hands 
alternately approach short arm, turning it She docs not yet 
turn it more than 40 degrees in the counterclockwise diicction, 
and occasionally turns it clockwise As she rotates it back and 
forth with her right hand, she eagerly watches the bell in the 
tray. Once she turns the lever as much as 90 degrees, so that 
the stick is parallel to the grill. After 80 seconds the tray, 
following trial rotations, is brought in contact with the grill, 
and B secures the bell, 

The Examiner returns the bell to the lever in position A. 

B, with her right hand, turns the short arm about 40 degrees in 
the coiintejclockwise dnection, She brings up her left hand. 

With her right in a steady movement she rotates the lever so 
that 20 seconds after the beginning of the situation the tray is 
near the gull, She secures the bell, 

The bell is removed and set again on the tray in position A 
This time the first tuin of the short arm is greater Five sec¬ 
onds after the beginning of the situation B Was secured the 
bell nnd carried It through the grill 
The fourth time the bell is put on the tray, B’s turning of 
the lever brings the bell to where it can be barely touched 
with the dps of her fingers as she reaches thiough the grill 
She tries with both right and left hands, and finally with her 
right hand she takes hold of the tray and draws the bell in 
reach She secures the bell +5 seconds after the beginning of 
the situation. 

The bell is removed and set on the tray again B's left hand 
tugs at the short aim, then her light hand, then her left hand 
again Then the right hand with one rotation turns the shoit 
arm So that the hell is brought close to the grill atld secured 
12 seconds after the beginning of the situation 

If it were not foi the long time reported on the fourth tnal, due to 
B's struggling to secure the bell when it could be baiely touched, 
out time recoids heie would show a consistent low level aftei a 
very pronounced diop. The fi unless initial tugs in tnal 5 show 
that the visual structure of the situation still had some influence 
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Tins deterioration of a performance when too many trials arc given 
will be noted again in the ease of othqi infants. It is also worth 
noting that what was learned by B was not a fixed leaction, using 
always the same rnotoi mechanism, but a more oi less variable means 
of attaining a goal The protocols make it cleai that this was 
tine also of tlncc out of the five infants who had a series of relative¬ 
ly erroifess successes m position A at 52 weeks 

Table 5 gives in sutnmaiy form an analysis of the performances 
of the successful infants at 44, 48, and 52 weeks, and may indicate 
in how many of the successful performances we can infer observation 
oi insight. At 44 weeks Girl B is the only one who gives evidence 
of insight by a senes of eiroilcss successes At 48 weeks we may 
count Boy A and Gill D. Bov G is a borderline case The relapse 
of Girl B and Boy J after then brilliant performance at 44 weeks 

'I ABLE S 

Analysis or Succtsst ui Tiuals in Position A at 44, 48, and 52 WfchKS 
Letters n, b, c, d, etc, indicate successful tuals in ordci ^Indicates that 
the method was to pull on the long arm only In non-starred trials there 
was at least an initial push on the short nrm 



Infants 


Successful trials 

With 

Age 

successful in 

With no 

With only 

With only 

more than 

in weeks 

position A 

errors 

one error 

two errors 

two errors 


Boy G 

a* 



b 

44 

Boy J 




a, h, c, d 

Girl B 
Girl C 

b, c, d 

a* 


a, e 


48 

Boy A 

Boy C 

a, b 



a* 

Boy G 
Girl D 

fa, b 

a, d 

C 

b 



Boy A 

b 

r, d 


a 


Boy C 

in, b p c 


tl, c 

a, f 

52 

Bov J 

B, c,fc d 


c 

Girl B 

a, h 





Girl D 
Girl E 

//a*, b* 

c* 


n 


[•Preceded by three successes in position B achieved by pushing on the 
short arm (n) with one error, (ft) and (c) with no errors Two failures 
in A after B (sec Table 1) seemed due to lack of interest 
JAfter demonstration 

^Between successes c and d there was one failure clue to turning away 
after correctly pushing on the short arm 
//Preceded by failure in A and success in B 
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was apparently due to emotional maladjustment. At 52 weeks Girl 
B and Boy J both give signs of piompt mastery of the situation. 
Boy C shows three errorless successes after the Examiner's demon¬ 
stration. Boy A is not quite so good as at 48 weeks, hut perhaps 
his single brief clockwise pull in tiials b and c should not disqualify 
him Girl D's peiformatice was maiked by lack of sufficient inter¬ 
est in the bell* on hci second trial when it came in reach she made 
no attempt to sccuic it, apparently did not sec it. Gnl E’s series of 
erroilcss successes was achieved by the method of rotating the long 
arm. On Liial c she made the shift fiom the slioit arm to the 
long one which \vc noted above (p 366) as suggesting obscivation 
of the function of the pivot 

Just .is Figuic 4 revealed more than Figure 3 the development 
that preceded 40 weeks, Table 5 and Table 6 indicate significant 

TABLE 6 

Percentaop of Intants Who Sjiowpd a Scrips of Two or More 
Consecutive Successes in Position A, Markfd dy Not 
Mori Tii\n Onf Error 


Age 

in weeks 

Number of 
infants examined 

Percentage showing 
successes as 
indicated above 

44 

12 

8 

48 

11 

18 

52 

12 

42 


developments aftei 44 weeks which are obscured in Figure 3 Much 
more striking than the increase in the pciccntagc of successful infants 
in position A is the increase in the percentage of infants who showed 
a scries of two or moie consecutive successes maiked by not moic 
than one ciioi (Tabic 6) Heic the shaip use occuis between 44 
and 52 weeks 

Shall we conclude that between 40 and 44 weeks the great in¬ 
crease is in motoi capacities and that between 44 and 52 weeks the 
gieat advance is m pciccption? Peihaps this is pait of the truth 
It is likely, however, that a simpler form of perception is developing 
eailicr, peihaps what we have called the response to the visual 
structure of the situation At a later age, convciscly, it is Iikelv 
that a continuing mcieasc in stability anil accmacy of motor contiol 
facilitates pciccption and is accompanied by mcieasc in stability and 
completeness of undeistanding 
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In this development it is likely that maturation plays a funda¬ 
mental role, but that learning also lias a pait. Advancing percep¬ 
tive capacity could be considered an inci casing capacity to leant 
jj otu observing a successful pcrfoimancc in the examination situa¬ 
tion Fuitliermore, it seems reasonable to suppose that the infant’s 
activities to daily life may give some oppoitumty to observe pivotal 
relationships more or less analogous to those involved in our special 
problems and may also have an influence on motoi development. 
"Function enters into giovvth” (5), and giowth makes possible a 
moie advanced type of functioning 
Motivation, Emotional Adjustment , and Individual Reactions to 
Thwatting In addition to development, with its motoi and per¬ 
ceptual aspects and its maturational substratum, another factor that 
influences success is undoubtedly motivation. Success and freedom 
from errors aie measures of motivation as well as of motoi and 
perceptive capacity Table 1 shows that successful tnals weie 
frequently followed by failuies This might be an indication that 
success was more accidental than insightful At 48 and 52 weeks, 
however, all the cases where this occuired in position A can be 
ascribed to decline of interest in the lure. At 44 weeks this is true 
of one case out of thiee. The influence of decline in motivation 
is more subtly shown in Table 5. In all the four instances where 
four or more successful trials were given and where the second 
trial was errorless, the number of eriors increased after the second, 
third, or fourth tnah 

The probability that success is influenced by emotional adjustment 
to the examination situation has ah cad y been mentioned in con¬ 
nection with the failures of Gill B and Boy J at 48 weeks after 
their successes at 44 weeks (p, 369) Boy D's faihue to repeat 
his successes of 36 weeks in any later examination might be ascribed 
to his characteristic iirisibility, coupled with a strong locomotor 
drive. 

The personality differences revealed in the reactions to thwarting 
were an interesting incidental aspect of the behavior which we shall 
mention only briefly heie Besides crying, there were persistence in 
a given activity or in vaiied activity directed towaid the goal, simple 
"reductive devices” such as scratching the platform, “compensations” 
such as turning to locomotor activities, and at 48 and 52 weeks a 
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few instances of extending the hand to the Examiner and tugging 
at her smock. 

The Value of Demomttalion. Figure 3 shows that demonstra¬ 
tion by the Examiner added nothing to the few successes that pre¬ 
ceded 44 weeks Table 2 shows tn addition that through the age 
of 40 weeks fewer infants moved the lever after demonstration than 
bcfoic. Appaiently demonstration is of no avail unless the motor 
capacity is adequate to the problem When the demonstration was 
merely an addition to .1 scucs of thwartmgs, the most frequent form 
of response was fretting, crying, or other vocal protest 

Fiom 44 to 52 weeks inclusive, more lesults from the demonstra¬ 
tion are appaient Yet even heic demonstration is responsible for 
only 23 per cent of the successes. 


TABLE 7 

PrRccNTAoc or Tirr Prfviousiy UNsuccrsM ui. Who Succrrocn aktlr 
D fcMONS I RATION AT ‘14, 18, AND 52 WFEKS 


Age 

in weeks 

Number of 
infants 
examined 

Percentage of 
infants who 
succeeded in 

A or B before 
demonstration 

Percentage of 
the previously 
unsuccessful 
who succeeded 
after 

demonstration 

41 

12 

50 

33 

48 

11 

6k 

25 

52 

12 

5S 

60 


Table 7 presents the data in an aspect winch suggests that at 52 
weeks demonstration is considerably more profitable than at any 
preceding age 

Docs the value of demonstration lie in facilitating insight, 01 in 
incicasing motivation, or in both ? 

Thcic are six cases of success following demonstration (see 
Table 1). The two at 44 weeks seemed rathci clcailv to he due 
to increased motivation tatliei than to insight The one at 48 weeks 
seemed due to increased motivation which came fiom a change of 
lure rathci than from the demonstration. The same explanation 
seems to tovei the case of llov E at 52 weeks Gal A’s behavior 
at 52 weeks suggested a fleeting bit of insight, unstable partly be¬ 
cause of decline in motivation or because of fatigue Hoy C at 52 
weeks furnished the only instance in whit.li a series of successes 
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that might he called insightful followed the demonstration, and here 
there was apparently at the same time an increase in motivation 
In geneinl, when insight is infeiable, thiough the ages covered by 
these expei iments, it seems to come from the infant's obseiving the 
results of his own behavioi rather than from his obseiving the 
Examinei’s manipulation of the lever. 

Summary 

1. Fifteen selected infants were obseived at intervals of 4 weeks 
from the age of 28 weeks to one year in a situation wliciem a 
distant toy could be brought m reach by rotating a horizontal lever 
in a counterclockwise direction. The lever was presented both m the 
median plane (position A) and obliquely (position B) In case 
of failure, demonstration of rotation was given by the Examiner. 

2. Between 40 and 44 weeks the percentage of infants who 
succeeded at least once in rotating tile lever to bring the toy in 
reach mci eased from 20 per cent to 67 per cent. By 52 weeks 
it was 83 per cent 

3. Between 44 and 52 weeks the percentage who were suc¬ 
cessful in position A in at least two consecutive trials with not 
more than one erroneous move per trial mcicascd from 8 per cent 
to 42 per cent In none of these cases was there moie than one 
trial preceding these relatively errorless trials. Tlus increase is 
taken to mean an increase m the number whose successes were 
accompanied by appropriate and relatively stable insight (observa¬ 
tion of the means to success). 

4. When successes were repeated, the records m a number of 
cases make it clear that mastery did not consist in performing always 
the same motor reaction "Appropriate insight” apparently meant 
the development of a more or less variable means of attaining a goal. 

5. Several types of perceptive attitude (or degrees of insight) 
could be inferred from the behavior. Response determined by the 
visual structure of the situation came earlier than appropitate re¬ 
sponse determined by the physical structure The latter was in¬ 
ferred to develop out of the infant’s observation of the results of 
his own behavior. 

6. Successes were apparently dependent on age (motor and per¬ 
ceptual development), on motivation, and on emotional adjustment 

7 Demonstration by the Examiner contributed little if any- 
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thing to insight Beginning at 44 weeks it seemed to have some 
value m adding to the motivation 

S The results suggest that, if such problems as these were to 
be used as tests of development, the part played by motivation, by 
emotional adjustment, and by socially conditioned habits of meet¬ 
ing difficulties should also be taken into consideration. 
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LE COMPORTEMENT D’ADAPTATAION DES PETITS ENPANTS 
DANS L'UTILISATION DU LEVIER COMME OUTIL 

(Resume) 

On a observe qumze pctlts enfants choisis i mtervalle 9 de 4 semaines 
de Page de 28 jusqu’it 1’age dc 52 semaines dans line situation ou Us ont 
pu atteindre tin jouet lointain en famnnt tourncr on levier horizontal On 
a present^ le levier ct dans la surface plane mediane (position A) et 
obliquement (position B), Dans le cas d’nn essai non reiissi, l’Examinateur 
a dontid une demonstration de la rotation 
Entre 1’age de 40 et 44 semaines le potirccntage des enfants qm ont reussi 
du morns line fois fi faire tourner 1 c levier pour atteindie le jouet s'est 
accru de 20% a 67% A 52 semaines il a etc dc 83% 

On n pu dlduire plusieurs degres dc connaissance approfondie du com- 
poitement. Le succes dans la position A dans au moins deux dpreuves 
eons 6 cutives, avec non plus d’un mouvement errond n chaque epreuve, et 
avec nor plus qu’une epreuve pr&cMnnt ces epreuves, a 6 tc considers one 
indication d’une connaissance appiopriee et lelativcment stable Huit pour 
cent des enfants a satisfait ce ciitere a 44 semaines; 42 pour cent i 52 
semaines Des succes reputes n’ont pn 9 compns n£cessairement la r 6 p£- 
tition des mouvements sp^ciflciuea 

II paralt que ies succis ont dependu de I’age (du d^veloppement moteur 
et perceptible), des mobiles, et de I’adaptntion imotive II paratt que la 
d£monstiation par PExaminatcur a contribute peu on rien it la connaissance. 
A parlir de 44 semaines elle a scmbld avoir quelque valeur comme addition 
aux mobiles 

Richardson 

DAS ANPASSUNGSVERHALTEN KLEINER KINDER BEI DER 
ANWENDUNG DES REBELS ALS WERIC2EUG 

(Refer at) 

Funfzehn ausgewahlte Kinder wurden in Ab 9 tanden von 4 Wochen 
(iwtschen 2S bis 52 Wochen) in emer Sltu.ition beobachtet, wo cm ent- 
ferntes Spielzeug durch das Diehen ernes wagerechten Hebels herangezogen 
Werden konnte Der Hebei wuide smvohl m tier Mittclebcne (Stellung A} 
a Is auch schiag (Stellung B) gestellt Beim Vcrsngen wurde das Drehen 
vom VI dem Kinde vorgefuhrt, 
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Zwisclicn '10 und 44 Wochcn wurde tier Prozentsatz dcr Kinder, densn 
es mjndcstcns cjmjI jjdnnj?, den Held zu diehcn und das Spielzeu^ 
hcranzuziclieii, von 20 bis auf 67 Prozent crholit Bei 52 Wochcn war 
er S3 Prozent 

Mehcie Grade von Emsicht konnten am deni Verhalten gcschlossen 
werden Ein Erfolg in Stcllung A in mindestens zwei nufcinanderfolgenden 
Versuchc nut nicht mehr als einer Fehlbcwegung pro Vcrsuch und nut 
mcht mehr als emem Veinich, der diesen voranging, wurde als Zeichen 
einer passenden und verhaltiusmnssig stalnlcn Einsitht angcselicn Aclit 
Prozent der Kinder crfulltc dieses Kcnnzcichen zu 44 Woclien, 12 Prozent 
zu 52 Woclien Wicderholtc Erfolge bedenteten mcht iniiner cine Wicdcr- 
holung bestimintcr Bewcgungcn 

Erfolge waren walirscliciiilidi \om Alter (inotonsclicr Enlwidlung und 
Entwicklwig dei Waliniihiming), von dcr Motivierung, und von der Ge- 
tnuhanpaviung nbliangig I) is Vorfiihrcn void VI trug wahrscheinltch 
wenifi dir Emsidit bn Von 41 Woihen an siliien cs von Hcdeiitung, die 
Motivicnmg zu erhohen 


Richardson 



IS THE WALL-SEEKING TENDENCY IN THE WHITE 
RAT AN INSTINCT?* 

From (he Department of Psychology of Ohio University 

James R. Patrick, and Robert M, Lau gulin 


Orientation 1 

For some time now the senior wiitcr has been demonstrating to 
general psychology classes under the topic of “instinct" the wall- 
seeking tendency of the white rat The demonstration consists of 
putting a young rat (old rat could just as well be used) into the 
narrow entiance of an opeti-alley maze (see Figure 2, giound floor 
of maze) placed on a table in the laboratory and then to encouiage 
the rat foiward until he leaches the pait of the maze that opens 
out, the rat is allowed then to wander about over the maze for a 
given period of time, usually about two minutes. Rats will almost 
invariably run along the right (left) wall of the maze until they 
reach the edge then reveise and come back along the same loute 
traversed while going forward Only now and then will they even 
attempt to go out in the open area near the center of the maze 
The phenomenon appears so consistently in rats that have had 
no experience with mazes that it is wont to be teimed instinctive 
or native behavior The senior wnter, howevei, lias long since 
suspected that the behavior observed is not instinctive but paitially 
at least, if not wholly, learned. The hypothesis concerning the wall¬ 
seeking tendency of the white lat has arisen in his thinking something 
like this. Could not the eatly nest expenences, in which contacts 
both with mates and mother, as well as with nest materials, along 
with temperntuie conditions, favor the establishment of eatly leac- 
tion tendencies towaid objects and things pe j se ? Again, usually 
the pregnant mother rat, whether wild 01 domesticated, builds a 
nest of some sort befoic giving bath to hei young. Thus, the young 
rat is born into shadowy conditions made so by the nest itself 

•Accepted for publication by Cnrl Murchison of the Editoiul Board and 
received in the Editonal Office, July 20, 1933 

The wiiters aic lefraimng from summarizing here the literature on 
the topic “instincts ” 
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That is, when the rat’s eyes are first opened he encounters not blight 
open spaces but shadowy conditions such as walls usually afford. 
Now, if this guess is true, rats that are allowed to grow up from 
birth not in ordinaiy nesting conditions but on an open fiooi area 
free from shadows, made by excelsior or other nest materials, would 
tend to cxploie open areas as well as to run along beside walls such 
as the open-alley maze affords With these things in mind the 
expei iinents subsequently reported were earned out. 

Ideal experimental conditions would requiic accuiale temperature 
contiol; an-movement control; contact control; even feeding the 
>oung artificially instead of allowing them to nurse the mother, and, 
futtlier, the scgiegation of individuals in the litter, control of 
bughtncss effects after eves aic open, auditory and perhaps other 
factors would have to be checked It will readily be seen that a full 
contiol of all factors mentioned above would necessitate removing 
the young animals very far from their ordinaiy life conditions 
Again, to say just what is responsible foi the wall-seeking tendency 
in the white iat each of the above-mentioned factors should be iso¬ 
lated and measuied while all other variables are controlled. This is 
an ambitious task What we have attempted to do is to keep the 
animals in as nearly ordinaiy life conditions as possible and at the 
same time control some factois and then see if the rat will not leave 
the walls in his exploring. If lie does run into the open more 
freely after having grown up in the kind of experimental living 
conditions that we offer him, we can at least say that the rat has 
no specific inherited behavior pattern which makes him cleave always 
to a wall while in a maze situation like the one used in this set-up 

Animals and Technique 

Young rats, along with their mother, were placed in an open 
gi owing-cage at seven days old and allowed to giow up in this 
cage until five weeks old. The growing-cage floor was made of 
matched pine flooring 4 incises in width The boards wcie pulled 
together and nailed so that the fiooi was smooth (See ground 
flooi and side of open growing-cage m Figure 3 ) The walls of 
the cage wcie made of glass of window-pane quality and thickness 
which was set up on edge in giooves made for that purpose in the 
fiooi The growing-cage walls were 20 inches high. The box was 
placed on a stand in a position about 4 feet fiom, but fating, a wm- 
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dow in the laboiatorv, and a little nearer the right corner of the 
room than the left At the right end of the cage (as the experi¬ 
menters faced the cage and window) the human eye could detect a 
slight shadow from the room wall whenever the sun icached a 
given point and shone through the laboratory window With this 
exception, the flooi aic.i of the growing-cage was unifonnly il¬ 
luminated as far as the human eye goes. Try as we might, we could 
not get this small aiea of the growing-cage fiee of this shadow unless 
we used ai tificinl light. This we did not wish to do since we weic 
allowing a contiol group of young rats to grow up in their nests undei 
ordinary daylight and daikness conditions. The mother rats were 
allowed to stay with their litters until the young weie old enough 
to eat for themselves. Only one mothci rat and her litter were 
giown in the cage at a time. Really four litters in all weie grown 
in the growing-cage. Howcvei, data aie reported from two litters. 
One of the two litters reported had six rats, and the other had five 
This latter gioup was later reduced to four as one of the rats suffered 
an injured leg and lus record is not included. Two litters were sac¬ 
rificed from an expeumental standpoint in perfecting a technique. 
We started using wire screen for walls but found it unsatisfactory. 
We had to handle carefully the motheis and their litters in order 
to keep some mothers from destroying their young It was for this 
reason that we allowed the mothers to remain in the ordinary cage 
for seven days after their litters were born, Some motheis seemed 
to “resent” being moved to the growing-cage along with their young, 
even after the young were a week old. We tried putting a ptegnant 
female rat into the growing-cage some days bcfoie partuntion but 
she seemed not to do so well and spent much time gnawing and 
scratching the floor, appaiently attempting to build herself a nest 
Simultaneously with the growing of eacli of the experimental lit¬ 
ters in the growing-cage, we had litters growing in ordinary nesting 
conditions The nests consist of wire cages with pans in the bottom 
containing excelsior for a bed Young rats usually stay bui rowed 
in the nesting material for the fiist few days of life As soon as they 
are matuie enough to locomote they come forth and return to their 
bed at “will,” Four litters constitute the two groups in this ex¬ 
periment. Two litters consisting of ten rats make up the experi¬ 
mental group which was grown in the open growing-cage Ten rats 
taken from two litters which were grown under ordinary’ nesting 
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conditions constitute the control group The groups hcieaftcr will 
be spoken of as e\pemnenUil and control 
The maze patterns used are shown in Figures 1 and 2 Each maze 
floor is marked oft with a pencil into squares and the number of 
crossings made over each squaic during the tests constitutes a rat's 
lecord. In the open-alley maze the walls (schematically shown in 
Figiuc 2) arc 5 inches m height The activity maze (see Figure 1) 
was used as a check only after it was observed tiiat the so-called 
"exploratory drive" or "activity level” of lats which wcic grown m 
the open growing-cage, while in the opcn-allev maze, apparently far 
exceeded that of the rats grown in the ordinary nest cages. All lats 
weie fed one and one half (1/4) hours before the test runs were 
given All rats, both experimental and control groups, wcie put 
into the open-alley maze at the age of five weeks Each lat was put 
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into the maze separately and allowed to remain in the maze foi 
two minutes Two litters, one expeumental and one contiol, were 
tested at a time In one series the nnimals from each litter (expeii- 
mental and contiol) were put into the maze in an alternate fashion 
That is, one rat fiom the experimental group was followed by one 
from the control. The other two litters, one from each gioup re¬ 
spectively, were not alternated. That is, one rat at a time was put in 
until the whole experimental-group litter \veie used. These were 
followed by all rats (sepaiately, of course) fiom the control-group 
litter A bar was inserted at the end of the entiance alley in the 
open-alley maze to keep the animals out of the nariow channel. This 
forced them to remain in the wide open areas of the maze Tracings 
of each animal were recorded on mimeographed sheets upon which 
were reproduced drawings of the maze pattern. In older to ob¬ 
serve uniformity in scoiing the maze pattern, record sheets were 
iuled off (see Figure 2) so that one could follow the rat’s activity 
along the right walh along the left wall, and in the center area 
As was mentioned above, the increased "exploratory drive” on 
the part of the rats grown in the open giowing-cage prompted us 
to follow up the open-alley-maze tests with the activity-maze tests 
Therefore, each rat, as soon as all rats of given htteis were put 
into the alley maze, was put immediately into the active maze foi 
a period of two minutes and the number of squares covered recorded 

By very careful control of the temperature and feeding the rats 
in the open growing-cage seemed to tlnive and to grow as lapidly 
as the ones that grew up in the nests. Hence all animals whose data 
are here reported seemed to be in good health at the time that these 
tests were made. 

Results and Discussion 

In order to see if the mean 2 number of squares crossed in the 
open-alley maze by the two groups, experimental and control, dif¬ 
fered, Table 1 was made The experimental group shows a mean 
of 61 30 squares crossed, while the control shows only a mean of 
38 50 squares The very noticeable difference in the "exploratory 
drive” on the part of the experimental groups led us to check this 
tendency in the activity maze. The tr differences arc large in all 

^Only group averages with a deviations are given here, individual ‘ 
scores of all rats are on file in the Psychology Laboratory of Ohio University 
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cases, but this is to be expected fiom the size of the groups. While 
the difterence between the means divided by the standard error or 
the diffeience does not icach the conventional criteiion of reliability 
(3 00), certainly the figure obtained (2 58) shows a much gieater 
than chance tendency on the part of lats grown up m the open grow¬ 
ing-cage to exploic an open-alley maze more freely than rats which 
have, grown up under ordinary nest conditions 

The pertinent point, howcvei, with respect to the present problem 
is to be found in Table 2. This table shows the mean number oi 
squares crossed along the tight wall, along the left wall, and m the 
center area of the open-alley maze. Thcie is no appieciablc differ¬ 
ence between the two gioups exploring along the left wall The 
means are about the same, 17.2 and 14 5, lespectively The explora¬ 
tion along the right wall on the part of the two groups is different 
The experimental gioup shows a mean of 27 9, while the contiol 
group has a mean of only 17,4, The last column of Table 2 for these 
means shows a reliability difference of only 1 75, still this figure looks 
like a tendency on the part of the experimental group to explore along 
the right wall more freely than the control group. Since the maze 
was placed in the very position of the growing-cage when the test 
runs were given (it has alieady been mentioned that the right side 
of the growing-cage floor had a shadow at times upon it), and since 
daily observation showed the rats seemed to huddle during sleep more 
frequently at that end of the cage while growing up, it may be that 
they tended to establish a position or an orientation habit in that 
direction. This point is really against our hypothesis By our 
hypothesis we would expect rats grown up in nests and accustomed 
to shadowy conditions (control groups here) to seek that side of 
the maze more frequently The only definite thing we can say 
is that the difference between the two groups is not a reliable one. 
Exploration in the center area of the maze is really the crucial test 
in this experimental situation. After all, whether our hypothesis is 
right or wrong the fact remains that the rats which were giown up 
in the open growing-cage ventured foith from the walls of the alley 
maze into the open area enough times just about to meet the statis¬ 
tical conventional reliability criterion of 3. The reliability factor is 
2 96, The chances are over 99 out of 100 that the difference is a 
true one. From Table 2 it seems, we may say, that Tats which have 
grown up from very early infancy in an open growing-cage will tend 
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not to seek walls only of an alley maze but will ventuie out into the 
open area or the center of the maze also; but that lats grown up 
under ordinary nesting conditions will venture fort)* into open spaces 
to only a vciy slight degree The above statements arc supported by 
the fact that the means of the two groups with respect to the num¬ 
ber of squares crossed in the center area are 17.1 and 6.6, respectively. 
Assuming that our samples arc representative, the difference is a ic- 
iiabie one Table 2 again shows the "activity level" oi the "explor¬ 
atory drive" to be gieater for the experimental group than for the 
control in the different areas of the alley maze. This seems, to in¬ 
dicate that animals which have had a less circumscribed early cn- 
viionmcnt and winch perhaps have had the "feelings" of freer mus¬ 
cular action in romping tend to do mmc of that sort of thing than 
lats which luvc not heietofoie had that opportunity. 

Table 3 fuithcr confirms the lcsults of increased "exploratory 
diivc" on the part of lats grown lip in a relatively large open cage 
when compared with lats grown up in ordinary nesting conditions 
The difteicncc between the means of these two groups is a reliable 
one 

Since the experimental group of rats tends to show a lcliable ten¬ 
dency to "explore” 3 more than the control group, some will say, 
“Does not the very fact that they explore more give a greater chance 
probability for the actual exploration to take place also in the center 
of the maze?" In other words, is tile greater tendency of the experi¬ 
mental group to exploic into the centei maze a function of the 
increased exploratoiy tendency lcsulting in an increased activity 
level ? The wiiters’ answer to this question lies in the results 
summarized in Tables 1, 2, and 3 The cxpcumental gioup of 
rats explores inoie in all parts of the open-alley maze as is shown m 
Table 1 But while the experimental group is exploring mmc, at 
the same time Table 2 shows a much greater lelativc increased ten¬ 
dency to leave walls and go out into the open than just general m- 
ci eased activity could account for The experimental group explores 
moic, but it also explores more in a given area. Compare the statis¬ 
tical reliabilities between the means of the two groups with respect 

This increased exploratory tendency on the part of the experimental 
group may he due to transfer Certainly the open growing-cage has a 
“spaciousness" in common with the ma?es which the oidinary nest dots 
not have to the same degree 
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to the three aicas of the maze (right Avail, left wall, and center 
area) The reliability figure for the center area is relatively much 
larger than the figure for the right Avail and left wall It seems 
fair to say that a part of this whole inci cased exploratory tendency 
on the part of the experimental group when compared with the 
control group is due to the fact that they increase their range of 
activity by entenng the ccntci area of the maze, while animals 
that have grown up under more restricted conditions, such as ordin¬ 
ary nest life affords, aie more inhibited about exploring in open areas. 
Different carlv life cxpci icnccs in the white rat, it seems, account, 
pnitinlly at least, for the wall-seeking or Inch of wall-seeking ten¬ 
dency on the part of the while rat under the present experimental 
conditions If this is tine then we cannot say that the wall-seeking 
tendency is wholly instinctive 

Instead of being a more or less definite specie patterned reaction 
(“instincts'’) determined chiefly by st/nctincj maturation, and func¬ 
tion, as many reaction patterns in organisms aie, may we not say that 
early environmental conditions are largely responsible for the rather 
definite behavior pattern on the part of rats reared ill nests of lab¬ 
oratories or in the Avild (if it is true likewise of wild animals) to 
seek the cover of Avails in exploring? Our observations bear out 
the results that animals which have grown up in ordinary nest cages 
seem more cautious and appear more timid as they crawl and run 
about than do animals Avhich have grorvii gradually accustomed to 
brightness and to open areas and have been allowed a freer activity 
in exploring, such as the conditions afforded our experimental group. 
It is our opinion that brightness and perhaps contact cxpenenccs, 
as Avell as fear of the new, coupled AVith habits of adjustment to 
walls and obstacles, aie chiefly responsible for the Avall-SEeking 
tendency of the white lat. In case of extreme brightness effects, 
hoAvever, one would have to go into the chemistry of the eye for an 
explanation of the avoidance of it. 

Summary 

1 Rats that have grotvn up in an open growing-cage such as 
the one described in this experiment tend to run out from Avails into 
open areas of an open-alley maze more readily than rats grown in 
ordinary cage nests. The difference between averages of distance cov- 
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ercd by the experimental and control groups seems to be a true dif¬ 
ference, provided our samples are representative. 

2 Rats that have grown up m an open growing-cage manifest 
a statistically reliable greater tendency to exhibit the so-called ‘'ex¬ 
ploratory drive” than rats which have giown up in the oidinary 
nesting cage. 

3 Perhaps the factors of degrees of brightness and early habits 
coupled with timidity about experiencing open spaces as well as early 
conditioning to contacts, temperature, etc., are responsible to a 
great degree for the rather definite wall-seeking tendency of the 
white int grown up under oidinary nest conditions If this is true, 
the tendency is not a specific instinct in the orthodox sense of the 
term. 


LA TENDANCE A CHERCHER UN MUR CHEZ LE RAT BLANC 
EST-ELLE UN INSTINCT? 

(Resum^) 

Des observations repetlcs montrent que les rats blancs tendent A se dinger 
ic long ties murs d'un labyrinth c A pnreonrs ouvert3 (labynnthc on deux 
murs renferment un parcours £tioit qui m£ne a unc plus laige surface 
ouverte dc la forme d'un ev entail) plutdt qu\\ ckcrcher la surface orwectc 
du labynnthc Ce compoitement parnit si constammcnt chez les rats qui 
n'ont eu aucuflc experience dans le labynnthc qu’il par ait etre une forme 
inn£e du comportement On a pos£ la question “Les pi emigres conditions 
de vie des j cones rats, y compns tels facteiua que les nids obscurs, les 
contacts avec la m£re, les autres iats et les matenaux du nid, et le manque 
de l’adaptation graduelle aux suiface9 ouveitea, ne pourraient-elles ex- 
pliquer le tendance A chcrchcr les murs?” Pour tester cette hypotheae on 
a elevii des port^es de jeunes rats dans une cage ouverte sans matemux 
du nid, aynnt des mu is de verie transparent, On a elevc d’aiitres portees 
dans les conditions ordinaires d’une cage contenant un nid Les rats elevis 
dans les deux groupcs de conditions ont etc testes i I’age de 5 scmaines 
dans les labynnthes A paicours ouverts ct d'Activite Les resultats mon- 
trent que les uts eleves dans les conditions de la cage ouverte tendent A 
explorer ks surfaces ouvertes beaucoup plus vite que les rats eleves dans 
les conditions ordinaires d’une cage contenant un nid, L”‘Impulsion Ex- 
ploratrice'’ est constammcnt plus grande aussi chez les iats eleves dans 
la cage ouverte Ln tendance A chercher les murs semble etre influencee 
par les premieres conditions de vie 
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1ST DIE WANDSUCHENDE TFNDENZ EEI DER WEISSEN 
RAITE EIN INS1TNKT? 

(Referat) 

Wiederholte Beobnchtungen haben gezeigt, class weisse Ratten die Wandc 
ernes oflcnen Labyrinths (cm Labyrinth, in dem zwei Wandc cinen eng'm 
Gang emschliessen, der zu einci wcitcren fjcherformigcn, offenen Flachc 
fuhrt) licber crforschen als die offene Flachc Diese Vcrhaltungsweisc 
erschcint so regelmassig bci Ratten, welche heinc Erfahning mit Labyrinthen 
gehabt baben, dass es cine angcborcnc Vcrhaluingsgcstalt zn scin scbeuit 
Die Frage wurdc aufgeworden, ob die frulicn Lcbcnsvcrliallnissc der 
jungen Ratten, elnschlitsslu.li soldici Fahtorcn wie schattige Neste, Be- 
ruhningen nut der Mutter, Ncstgcf.iliiten mid Materialicn, und das Felilen 
einei allmahhchcn An|>assting an olfene Flaclicn, die wandsuchcndc Tciulcnz 
erklnrcn wurden Um diese Ilvpotlicse /u crprohen, Less man Wurfc von 
jungen Ratten in cincm offenen Kafig nut kcincn Nestmaterialien und nut 
Wandcn von durchsichtigcm Glas aufwacliscn An tie re Wurfe wurden in 
gewohnlichen Ncstkafigen aufwacliscn lasscn Die Ratten, welche untcr 
den beiden Umstaiulcn wuchscn, als sic funf Woclien alt waicn, wurden 
in dem offenen Labyrinth und in dem Tatighcitslabynntli gepruft Die 
Ergcbnisse /eigen, dass die Ratten, welche ill dem offenen Kftfig nufgc- 
wachsen smd, offenc Flacben licbcr erforarhen als Ratten, wclclic unter 
gewohnlithen Umstandtn aufgewnthsm sind Der “Erforschungstneb’' 1 st 
auch grossei Liei den Ratten vom offenen Knfig Die wandaucUcndc Tendenz 
schemt durch die fruhen Lcbensverhaltnisse beeinflusst zu scin 
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THE EFFECT OF PRACTICE ON THE DELAYED 
REACTION IN THE RHESUS MONKEY* 1 

From the Animal Uabaratoiy, Department of Psychology, 
Columbia University 


John P. Foley, Jr, and Carl J. Warden 2 


Historical Introduction 

Nature is replete with situations in which animals, in their 
natural habitat, are reacting to stimuli which apparently are not 
present at the moment the response is made The tigei stalks its 
prey in the dense undergi owth of the jungle, while the domestic 
animals wandei home at feeding time The grey squirrel buries 

nuts neai its home tiee, only to letutn several days later to go 

directly to the spot where the food was buned and recover it The 

hungry robin reacts to the place where the worm was last seen 

or heard. Similarly, the cat silently waits for the mouse to appear 
at an open hole, subsequently springing upon the coriect hole after 
the mouse has appealed and vanished. Surely these forms of be¬ 
havior, bairing possible olfactory stimulation, fit equally well into 
the pattern of delayed icaction Nor is man by any means ex¬ 
cluded from participating in. such behavior. In. everyday life man 
is continuously reacting to stimuli which are said to be beyond his 
perceptual range. In fact, life is a constant stream or ever-chang¬ 
ing mosaic of such activities, many of which are capable of artificial 
contiol, isolation, variation, and repetition 

Such behavior has frequently come to the attention of the psy¬ 
chologist and psychobiologist When the question is raised as to 
just what is happening when one of these reactions occurs, the 
answer is usually immediately forthcoming and apparently extiemely 
simple. “Memory.” But is this not a platitude, and to the more 

^Received in the Editorial Office, July 20, 1933 

lr This leport covers one major topic in a project on motivation anil in¬ 
telligence in the rhesus monkey, supported by the Council for Research 
in the Social Sciences of Columbia University. 

2 This experiment was planned and earned out m cooperation, the junior 
author seeming and tabulating the data, both authors being lesponsible 
for the report m its present form. 
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ardent cntic a meic name for the particular behavior undeT con¬ 
sideration? 1 Inis several vems ago the more experimentally in¬ 
clined psychologists, attempted to hung such phenomena into the 
laboratory and study them undci controlled conditions. The first 
studies wcic "mcmoiy” and "association” experiments on human 
beings Later, the comparative approach was attempted, and this 
gave rise to the "delayed reaction” experiments In fact, thcic was 
the conviction that the problem of memory, as all other psychological 
problems, might best first be studied m infrahuman organisms, where 
the experimental situation could be bcttci contioiled and where the 
behavior would appear in its most elementaiy fomi. 

Thus the delayed-reaction expcnmcnt was devised as a means of 
studying memorial phenomena in mfraluiinan organisms, although 
it was soon applied to the human as well Associations are set up 
between some specific stimulus, such as food, light, sound, etc, and 
certain movements or indicators of response on the pait of the 
animal which lead to some incentive When this preliminary as¬ 
sociation is established between stimulus and response, a period of 
delay is introduced between the cessation of the stimulus and the 
moment of reaction. This interval is subsequently increased until 
the "maximum” pcnod of delay is obtained 
Thus the above-mentioned cat-mouse situation would approach 
the laboiatory experiment if, as Hunter (21) has suggested, there 
were thiee holes that diffcied only m their several directions from 
the cat, and if in the past the mou^c had appeared an equal number 
of times at each of the three holes This would leqmre the cat 
to select between the holes on the sole basis of the immediately 
previous presence of the mouse, if a correct response were to occur. 
If the cat w r cre then to be delayed for a period after the mouse 
had disappeared, this naive set-up would closclv approximate the 
laboratory experiment on delayed reaction. 

We have previously stated that a delayed response is one in which 
the "determining” stimulus is absent at the moment of response 
In any such study, two important questions arise, and each has 
been treated by numerous investigators The fust of these is the 
question as to how long after the determining stimulus has dis¬ 
appear eel the animal can delav and still react coriectly The second 
question is concerned with the animal’s method of solving the prob¬ 
lem, i.c., the exact mechanism which is used to insure correct 
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response after the penod of delay. Hunlci (21), Tinklcpaugh 
(42), and others have lefeircd to this mechanism as the "repre¬ 
sentative factor” and have attempted to determine whether it is 
"motoi,” "scnsoiy,” oi "ideational" Evidence concerning this 
question mav be had from obseivnig the animal in the cxpeiimcntal 
situation, noting all cues which aic possibly functional, and by 
artificially vaiying and otherwise contioiling the situation itself. 

Numerous expeuments have been peifoimed on organisms of 
different species, ranging from the chicken and albino ut to the 
human adult. The maximum penod of delay for different species 
differs widely from experiment to experiment, and one is puzzled 
to know which, if any, is correct. In fact, there is almost as much 
vauation in results among experiments on a given species as between 
the species themselves. The data fiom these studies seem to show 
that the delay penod is bridged eithei by the maintenance of ovcit 
bodily attitudes which foini the basis for reaction after delay, or 
else by means of some intra-arganic cue which is either maintained 
during the delay or icinstated shoitly thereafter The earlier studies 
indicated that rats, cats, and dogs could react correctly aftci delay 
only when the first method was used, wheieas raccoons, monkeys, 
apes, and humans were able to respond couectly when such bodily 
orientation was not maintained and consequently must have been 
reacting on the basis of some lntra-orgamc cue Later experiments, 
however, show conclusively that dogs, cats, and even rats can react 
correctly after delay without such oveit bodily onentation. 

In view of the seeming chaos and disagreement in the held of 
delayed reaction, especially in the matters of maximal delay and 
theoretical interpretation of results, it was decided to attempt to 
deteimine what factors might be operating to cause such wide dis¬ 
crepancies. The writers were of the opinion that peihaps such wide 
differences in method and maximum period of delay were due to 
the particular experimental situation and procedure used in the 
various studies In brief, it was surmised that the animal could 
literally learn to delay for intervals significantly longer than those 
obtained before practice Thus it was decided to devise a lather 
difficult experimental situation and, after the animal had unques¬ 
tionably learned to make the correct immediate response, to measure 
the accuracy of the animal's delayed responses before and after 
practice. The expenment is thus a study of the effect of practice 
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on the delayed reaction, although the wi iters arc of the opinion 
that learning and memory, those two fundamental categories of 
bchavioi, not only have much in common, hut aic basically the 
same process viewed fiom different angles. Perhaps the problem 
of delayed reaction resolves itself into a study of the ability of the 
animal to learn to respond to a cue other than the ones which the 
investigator has experimentally eliminated. 

Comparison or Methods 

The fust attempt to study the delayed response in a controlled 
laboratory situation was made at the University of Chicago under 
the diiection of Harvey A Carr. The earliest expci imentation 
was begun by a giaduatc student, W R Hough, whose rvotk was 
earned fuither the following year by II H. Reed, These studies 
were never completed hut scivcd as a preliminary to the later in¬ 
vestigation of Wnltci S Hunter (21), which was canied on in 
the same laboratory from Octobci, 1910 to April, 1912 Since 
then numerous cxpci iments have been conducted on the delayed 
reaction in laboratories both throughout the United States and 
abroad 

Hunter (25) has pointed out the essential features which any 
appaiatus and procedure must embody m order to study the delayed 
response These are as follows. (1) It must be adapted to the 
size of the animal or subject and its mode of response. (2) It 
must provide a means for presenting a stimulus in one of several 
places. (3) These stimulus places must be equally accessible to 
the response (4) The stimulus and method should be such as 
to present no differential cues to the subject duung the interval 
of delay. Attention might heie be called to the pronounced simi¬ 
larity between the delayed-icaction and multiplc-choicc experiments. 
In the fonnei situation, the number of reaction alternatives is held 
constant and the penod of delay before i espouse is varied; whereas, 
in the latter set-up, the period of delay piior to response is assumed 
to be constant and minimum and the numbei or pattern of reaction 
alternatives is varied 

The laboratory methods which have been used to study the de¬ 
layed reaction may be divided into two geneial classes 

1, The Carr-Hunter or Indirect Method (the fust to be used) 

2. The Hunter or Direct Method 
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We shall briefly describe the distinguishing features of each of these 
two methods A third Observational or Anecdotal Method might 
be added, although this is a held rather than a laboratory method, 
no attempts whatsoevei being made to contiol any conditions, 

The principle involved in the Cat i-Huntet 01 Indited Method 
is that of first establishing, by So-called “tnal-and-ciror M learning, 
an association between an aibitraiy stimulus (eg,, light, sound, 
etc.) and a senes of locomotor responses on the part of the ammal 
which lead to food As soon as the animal has become positively 
conditioned to the stimulus so that it reacts immediately and cor¬ 
rectly whenever the stimulus is given, delays are instituted between 
stimulus and response, Instead of having the animal react while 
the stimulus is still piesent, the latter is picscntcd only for a short 
interval, and then, after a predetermined peiiod of delay, the animal 
is permitted to make the response and obtain food. The Carr- 
Hunter Method has been used by Huntci (21), Ulrich (45), Mc- 
Allistei (35), and Honzik (20) on the albino rat; by Yarborough 
(50) on the cat, by Hunter (21) and Walton (46) on the dog, 
by Hunter (21) on the raccoon, by Rugli (38), Harlow, Uehling, 
and Maslow (19), and in the piesent study on infrahuman piimatcs; 
and by Hunter (21) on the human child. 

We now come to the second general method of studying the 
delayed leaction, the Hunter Dbect Method. The principle in¬ 
volved in this method is that of utilizing an association, between 
some stimulus and rewaid, which has already been formed by the 
ammal, or at least one which is so closely connected with the ani¬ 
mal’s reactional biography that very little training is required for 
its establishment After the animal has become adapted to the 
experimental situation and has responded a few times, a period of 
delay is introduced between the presentation of the stimulus and 
the locomotor or other lesponse on the part of the animal. This 
direct method has been used by Revesz (37) on the chicken; by 
Maier (33) on the albino rat; by Cowan (9) and Adams (1) 
on the cat; by Tinkltpaugb (42, 43), Buytendijk (6), NeUmann 
and Trendelenburg (36), Kohts (32), Kohler (31), Yerkes and 
Yerkes (56), Ycikes (52, 53, 54), Harlow, Uehling, and Maslow 
(19), Maslow and Harlow (34), and Harlow (17) on infra- 
human primates; by Hunter (25), Tinklepaugh (42, 43), Rugli 
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(38), and Skalct (41) on the human child, and by Harlow and 
Israel (18) on subnormal humans. 

We cannot here present a detailed critique of these methods, 
although the literature is full of controversies over the relative effi¬ 
cacy of each We can only mention the most salient differences 
and advantages. It is usually held that the Carr*Huntcr or In¬ 
direct Method is highly aibitrary that the stimulus (light, sound, 
etc ) has no biological connection with food in most animal forms. 
This contention is paitially borne out by the fact that several 
hundred trials are often required to establish the association before 
the pcuod of delay is introduced, Nor is the indirect method 
adapted to the annual's mode of finding things in nature, m which 
positional cues play so large a idle. The Iluntci Duect Method, 
on the other hand, is based on a so-called natural action-tendency 
of most animals to go directly to food, or to bury food and later 
recover it when so desned It is less artificial than the Carr- 
Huntci Method, and motivation is more direct, since theic is already 
an association between food and the scaiclnng response Hence no 
long learning process is required, which makes it more economical 
of the cxpeiimentei’s time Kohler (31) is critical of all mechan¬ 
ical choice training problems, for he contends that they afford no 
basis for insight He maintains that this lack of comprehensible 
connections is the factor accounting for the relatively pool showing 
of the primates on such tests, i c., that they cannot give evidence 
of insight into the problem but must learn by trial and error just 
the same as the rat and other mammals Buytcndijk (6) voices 
the same criticism, namely, that an attempt is made to use an 
association winch has no biological significance for the animal 
In answei to this criticism, exponents of the Carr-Hunter Method 
hold that the so-called lack of sensible relationship in their problem 
is not due to the fact that lights have no biological significance 
for the animal, but rather to the fact that by the use of such a 
method luglici animals, such as the ape, aic reduced to exactly 
the same position as the mammals, and arc compelled to form ail 
association from its veiy beginning rather than to icact by making 
use of a situation which has been previously experienced and has 
already acquired a certain "meaning” for the animal. Advocates 
of the indnect method also maintain that this is the only procedure 
which adequately eliminates the investigator from the experimental 
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situation and standardizes the presentation of the stimulus, thereby 
pioducmg controlled conditions which would be impossible wLtb a 
direct method 

It is very difficult to draw the lme between the Direct and In¬ 
direct Methods. In fact, such a division is made on a lelative 
and not an absolute basis, since they arc not mutually exclusive. 
In fact, many hold that these methods are basically the same, both 
involving the use of associations which must be established at some 
time in the animal’s reactional biogiaphy, To be suic, the two 
methods differ in the particulai associations used, but this may not 
be of fundamental significance McAlhstei (35) has compared 
the difference between the two procedures to that found between 
nonsense and meaningful material as employed in the investigation 
of memory in the human subject He contends that, although 
both have been used, the nonsense material is chosen, whenever we 
wish to study the memory piocess under more completely controlled 
conditions. 

The studies of delayed icaction by various investigators indicate 
that the following factors are influential and should be controlled, 
species and number of subjects used, type of association required, 
size and location of release mechanism, numbei and specifications of 
reaction compartments employed, punishment and icward (motiva¬ 
tion should be optimal, and punishment should be used if limits 
are desired), numbei of trials daily, time interval between trials 
(should be at least thiee times as long as period of delay), and 
varying brightness of background. The following precautions should 
also be taken * no cues should be given during period of delay 
or at the moment of release; position habits should be guarded 
against; responses to various compartments or stimuli should be in 
chance older; ability to delay should be tested by commonly used 
sense avenue; experimenter should be eliminated by a one-way light 
screen; and a high norm of mastery should be required. These, 
together with the foui major requirements enumerated bv Hunter 
(see above), constitute the most salient featuies of the typical 
delayed icaction experiment. 

Experiment 

Animals. Six Macacus rhesus monkeys weie employed during 
the course of this experiment. Three of these, animals $8, $20, 
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and #22 (all females) wcie used only in preliminary tests in which 
the puipose was the pcifcction of a method, The 1 attaining three, 
subjects #2 (female) #9 (male), and #18 (female) were used 
in the delaycd-rcaction expenment propel These animals were 
members of the primate colony of the Columbia Laboratories of 
Comparative Psychology, being utilized for research in connection 
with a project on motivation and intelligence, sponsored by the 
Council foi Reseaich in the Social Sciences of Columbia Univer¬ 
sity. They wcie all young and mimatuic (prcadolesccnt) monkeys 
at the time of purchase and were obtained from a New York animal 
dcalci. Subjects #2 and #9 arnved at the laboratory m Dcccmbci, 
1930, and #18 arrived in Fcbiuaiy, 1931. All were vigorous, 
healthy animals whose records may stand as typical. The respective 
weights of the three subjects at the conclusion of the experiment 
were as follows* #2, 3019 giants, #9, 3728 giams, and #18, 2849 
giams 

When first obtained the animals showed no signs of former 
handling They wcie then put through the usual handling and 
gencial adaptation routine which has been standaidized at this 
laboiatory They weie subsequently used as subjects in studies 
on learning in the Jenkins Problem Box, motivation by means of 
the Columbia Obstruction Method, and imitation by means of the 
Direct Two-Cage Method Thus by the beginning of this experi¬ 
ment the monkeys wcie unusually cooperative, and because of their 
past experience as subjects in the above investigations they soon 
adapted themselves to the requirements of the dclayed-responsc situa¬ 
tion 

All of the monkeys wcie housed throughout the year m separate, 
specially constructed, indoor cages in the primate quarters of the 
laboratory. They were fed three times daily according to the 
standaidized Columbia weekly feeding schedule for monkeys, which 
includes proper pioporttons of milk, eggs, whole-wheat hi cad, raw 
fruits, vegetables, togethci with cod-livei oil (Aidex tablets) mixed 
with lactophos. The animals wcie exercised daily m the runway and 
also enjoyed a period of Sunlamp stimulation each morning. All 
routine activities, such as feeding, exercising, cleaning cages, etc , 
were earned out according to a rigid and non-valying progiam. 
It might also be added that each monkey wore a small leather 
Belt around its waist, to which was attached a steel chain approxi- 
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mately 8 inches long. The end of this chain contained a metal 
tag be,n mg the animal’s colony number and also a ring, used for 
fastening the control cord in the various apparatuses 
AppauUus The apparatus Ubcd in this experiment consisted of 
a steel cage, 72 inches in length and 30 inches in width, covered 
with a heavy wiic screening of j4-inch mesh (It might be par¬ 
enthetically noted that the cage used in this experiment was the 
lower half of a two-deck cage, the upper half having been of a 
modified foim for use in testing imitation ) The flooi and ceiling 
were made of 34-mch veneered flooiing, the latter being coveied 
with brown linoleum, and all side and intenoi walls were 36 inches 
high from the surface of the floor. The cage was mounted upon 
heavy, lubher-ttred rollcis, making the upper surface of the cage 
floor 7 inches from the floor of the room. 

The entiance to the cage was a side-hinged door, 22 inches wide 
and 35 inches high, extending approximately the entiie height of 
the cage. This was also constructed of J^-inch wire mesh, and 
was hardly distinguishable from the remainder of the wall. This 
door was located directly in the center of the front side of the 
cage, each end of the door being 25 inches from its respective end 
of the cage, There was also a small, hard-rubber drop door, 
inches high and 10 inches wide, situated in the lowci center of the 
entrance dooi and raised by means of a cord and pulley, although 
this was not used during the course of the experiment. The large 
entrance door swung from the left and was equipped with a special 
bolt which held the door firmly closed at all times The entire 
apparatus was painted with aluminum bronzing. A detachable one 
wav light screen, 72 inches long and 36 inches high, was mounted 
directly against the front side of the cage during the test, so that 
the experimenter was entirely eliminated from the animal’s field 
of vision, although he could observe the animal very distinctly. 

One end of the cage contained the stimuli and reaction-alterna¬ 
tives A heavy wooden panel was set in the cage, the wne mesh 
having been removed. This panel was constructed of standard 
24-inch lumber, and was 13 inches high and 29^ inches wide, the 
bottom of the panel being 12 inches above the floor and the top 

11 inches from the ceiling of the cage The entire panel was 

painted a standard battleship grey. The wire mesh above and 

below the panel was reinforced on the outside by heavy, brown 
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beaver board, so that the animal was unable to see through that 
entire end of the cage 

The panel contained three reaction and incentive compartments 
together with theii corresponding stimulus lights Each compart¬ 
ment consisted of a door, 3 inches square, which opened into a 
small box, the latter being partially open on the back side so that 
the e\penmentei could replenish the incentive whenever necessary. 
A small brass knob or handle was mounted Y\ inch from the 
top center of each door, and the doors were hinged from the 
bottom and opened toward the animal The three doors were 8 
inches apait, outside measurements, and the two end doors were 
inches fiom their respective sides of the cage. These two 
outside doois, 19 inches apart, were the only ones used m tins 
experiment, the knob on the middle door having been removed 
and the door locked shut. Each door contained a screw eye on 
the inner side, to which was attached a strong cord, the other end 
of which was fastened on the back of the corresponding box. 
These cords served as a means of closing the doors after a correct 
reaction and also prevented the animal from opening the door when 
an incorrect response had been made, since the cord to the incorrect 
door was hooked ovei a nail and made taut before the stimulus was 
presented 

Directly above the center of each of these doois was a circular 
aperture, approximately V/z inches in diameter, the bottom of each 
aperture being lj4 inches above the top of the coriesponding door. 
A frosted 25-watt Mazda lamp was situated behind each of these 
apertures, each lamp being enclosed m a separate light-tight com¬ 
partment, although a single hinged board served as a common back 
for all of these compartments so that they would be icadily ac¬ 
cessible to tile experimenter if the occasion should demand Each 
aperture was covered with milk glass on the inside of the light box 
so that a more constant and diffused light was to be had 

At the other end of the cage were two reflectors, containing a 
frosted 100-watt and clear 10-watt bulb, respectively These re¬ 
flectors were 6J4 inches in diameter and were situated as closely 
together as possible, one on either side of the median line of the 
cage. The centers of the bulbs avctc approximately 18 inches from 
both floor and ceiling of the cage These lights were used for 
general illumination and for signal of the release of the animal 
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following delay (see Geneuil Method). A heavy cord projected 
through the middle of this end of the cage, just above the floor 
level This was attached to the subject during the experiment, 
and the animal could thus be leleased or drawn back at the will 
of the experimenter Tins end of the cage was adjacent to the 
wall of the room, the latter seiving to obstruct completely the 
animal’s vision. 

The three stimulus lights were wired in separate circuits so that 
each could be turned on and off as desued. They were operated 
from a control board containing three single-throw switches, one 
for each circuit (only two of which were used). The two general 
illumination and signal-of-release lights at the other end of the 
cage were also wired separately, witli snap switches in easy reach 
of the experimenter as he stood at the control board. 

Procedure . Experimental work was conducted daily fiom 2'00 
to 4:30 pm in the special test room The animals were well 
motivated at such a time, having been without food for at least 
six horns. Piclmunniy investigation was begun m February, 1932, 
and the last experimental data weie taken in July of the same year. 
As has been stated above, the purpose of the preliminary was the 
perfection of a method, especially as to ways of training, contiolling, 
and releasing the animals, and as to what periods of delay to use 
with this particular experimental situation. Animals $8, $20, and 
$22 were used m this connection. Let us now briefly summarize 
the procedure finally developed and employed in the experiment 
proper, In which monkeys $2, $9, and $18 acted as subjects "VVe 
need only mention the fact that adaptation to the laboratory, keeper, 
other experimentss and leseaich situations, and to the present in¬ 
vestigator had already occurred before the beginning of this study 
The method employed, like all indirect methods, can be divided 
into training and testing procedures. We shall consider each of 
these in turn. The subject was transported to the experimental 
room by means of a specially constructed, drop-door cairiage, the 
animals having previously been trained to jump into and out of 
this carriage whenever the door was opened, and thus did not have 
to be touched by the expeiimenter. Having placed the animal in 
the appaiatus and attached the snap of the control cord to the ring 
of the animal’s chain, the investigator closed and locked the entrance 
door and placed the one-way light screen across the front of the 
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cage. Tlic lights of the room wcie then turned off and an electric 
fan was staited. This furnished a constant noise, or sound screen, 
which served to eliminate any chance auditory cues or distractions. 
The two doors to the incentive boxes were then opened, and food 
was thrown through both doois. The subject, being released each 
time from its usual position at the far end of the cage, ran forward 
and piocurcd the food from the flooi, directly below the stimulus 
panel, This pioccdurc lasted foi two days, 30 trials being given 
eacli day, and served as a general adaptation to the apparatus and 
experimental situation. 

Duiing the next tlnee days the procedure was modified so that 
the animal, when leleascd, walked forward and took the food from 
the hand of the expet imenter The incentive was presented in 
chance order, and both doors lemained open At all tunes. The 
stimulus light above the correct door was turned on before and 
duiing the trial The 10-watt lamp burned constantly during the 
entire experiment, serving as a general source of illumination. This 
light was chosen so that it would allow the stimulus lights over 
the doors their maximum lelativc brightness and consequent atten¬ 
tion-getting value, and yet piovide adequate illumination for the 
observation of the animal subject. The 100-watt lamp remained 
off during the presentation of the stimulus and was turned on 
simultaneously with the release of the animal In later trials the 
monkey became so conditioned that this light served as a signal of 
release, thereby eliminating any cues which might otherwise have 
been given by the experimenter in such a process Immediately 
after reaction, this lamp was turned off and the subject was drawn 
back to the far end of the cage 

On subsequent days the training procedure was modified as fol¬ 
lows 1 On the sixth day, 30 trials were given in which the ex¬ 
perimenter dropped out of the situation entnely, the incentive being 
placed directly in one of the two open stimulus boxes, and the 
animal icacting accordingly. Care was taken to allow only one 
reaction each trial, since there was a tendency for the subject to go 
to both boxes regardless of the correctness of his choice The next 
(seventh) day, the incorrect or non-food door was closed and 
fastened, the animal going directly to the open door. The light 
over the correct door was always on during these choices, and 30 
trials were given per day The next step (eighth day) was to 
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exhibit food at the “lighted” dooi, after which it also was closed, 
and the monkey was required to react without the incentive’s being 
present at the moment of response Starting with the ninth day, 
both doors were closed and the anunal had to react to the light 
alone. This was continued for ten days, 300 trials, and marked 
the final step in the transition from direct to indirect method. Thus 
18 days were devoted to the ttaining pioccss, with a total of 540 
trials for each animal. At the end of this time the association 
between stimulus light and incentive had been thoroughly estab¬ 
lished, since no subject made more than 3 enors in the last 150 
of such trials. 

The testing procedure was then begun. The stimulus light was 
turned on over one of the doors and remained on for a peiiod of 
5-20 seconds, depending on when the subject attended to it In 
no case was it necessary to present the light longei than 20 seconds. 
The light was then turned off while the animal was looking at it, 
and the predetermined period of delay was begun This guaran- 
teed that the animal’s actual delay would begin when the experi¬ 
menter’s stop-watch was started rather than at some arbttianly 
selected time when the subject was not looking. At the conclusion 
of the period of delay, the 100-watt lamp at the rear of the cage 
was turned on and the animal was released to make its choice If 
the responses were correct, the monkey opened the door and ob¬ 
tained the incentive, after which it was gently pulled back to the 
far end of the cage If incorrect, the animal found the door locked 
and returned without food, and the 100-watt lamp was turned 
off, prior to another trial 

Thirteen trials in all were given per day, 10 of these being 
actual test trials, whereas 3 (the 1st, 5th, and 9th) were trials 
in which the animal made a direct response to the dooi while the 
stimulus light was still on These were given so as to renew the 
light-food association from time to time and to enhance motivation 
It also served as an additional check on the animal’s original train¬ 
ing Thirty test trials were given on each period of delav, 3 days 
of 10 trials each. The two stimuli were presented in chance older, 
the following schedule being followed 

First day of delay . . RLRIXRLKRLRRL 

Second day , LRLLRLRRLLRLR 

Third day , . RLLRLRRLRLLRR 
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A period of 2 minutes intervened between adjacent trials. This 
is m conformity with the suggestion made bv Adams (l) and otheis 
to the effect that the period between successive trials should be 
at least three times as great as the period of delay itself, in order 
to guarantee that the animal is reacting to the stimulus light lathei 
than to the door wherein food was obtained on the previous trial 
The following periods of delay were studied in oidci: 10, 0, 
3, 6, 10) 15, 20, 30, 40, 6, and 10 seconds. Attention is called to 
the fact that, on the basis of its previous record, animal #9 was 
dropped during the delay pci tods of 30 and 40 seconds, and the 
subsequent delays of 6 and 10 seconds were not administered (see 
Results ) It will be noted th.it the 0-sccond delay, for example, 
hcic means that the animal was released when the stimulus light 
was turned off, and uot when the animal reacted The same is 
tme for all the other delays, in that all delay periods arc leally 
longer than stated, since the monkey’s reaction-time is not included. 
By noting the general trend in results on a given delay period as 
well as from period to penod, some indication of the effects of 
practice on delayed reaction might be obtained. 

In addition to the number and percentage of correct responses 
made on every 10 trials of each penod of delay, daily observations 
weie recorded concerning any additional features of the animal's 
behavior which the investigator deemed important, After each day’s 
trials, the animal was returned to its cage, given a few poppy seeds, 
and fed its afternoon meal. The incentives used in the experiment 
proper were raisins and small slices of banana on the learning 
trials and banana and small cubes of apple on the test trials These 
foods have been found to offer the best motivation for work on the 
monkey and are in standard use in the Columbia laboratories 
Controls. Watson (49) has criticized Hunter's cl clayed-reac¬ 
tion experiments on the ground that the box in which the light 
last appealed might have risen in temperature, ot else the rise 
might have been sufficient to mcieasc the diffusion of gaseous pai- 
ticles which in turn would arouse the olfactory receptors. In such 
a case, the animal would be merely discriminating between the two 
or more stimuli on the basis of thermal or olfactory sensitivity 
rather than performing a delayed response to a then absent stimulus 
In the present experiment, however, these possibilities were entirely 
avoided The light bulbs themselves were of comparatively low 
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intensity (25-watt frosted) and both weie enclosed m a separate 
box entirely isolated from the reaction cage. Nor was the stim¬ 
ulus light evei presented for a period longer than 20 seconds, and 
the exposure was usually considerably shoitct. Thus all secondary 
thermal and olfactory cues from the stimulus lights were eliminated. 

Food was always placed in both boxes duiing test trials, and 
thug no differential olfactoiy cues fiom the incentive itself were 
offered since the odor of food would be diffused equally in both 
boxes. The close proximity of the two reaction mechanisms would 
also make it difficult for the subject to obtain differential cues in 
any modality. A senes of test trials was lun in which food was 
absent from both boxes, and this failed to show any effect on the 
accuracy of the animal’s choices. The only othei olfactoiy cues 
would be the scent from the animal’s own body remaining on the 
door last used. This is very impiobable, and, if such were the 
case, it would result in a simple position or alternation habit and 
the subject could ncvei meet the critenon. 

As previously stated, auditory cues were eliminated by the use 
of a sound screen provided by an electric fan. Secondary visual 
cues from the apparatus were ruled out by making both stimulus 
doors as nearly identical as possible and by rotating the presentation 
position of the. stimulus in chance Older Visual cues fiom the 
experimenter and other objects external to the cage weic eliminated 
by the use of a daikened 100 m and one-way light scieen The 
light signal for release served to exclude any tactual cues given by 
the experimentei in release. The two-minute peiiod between ad¬ 
jacent timis guaranteed that the animal was reacting to the stim¬ 
ulus light rather than to the box where food was obtained on the 
previous trial, 

With the above controls in use, it was concluded that all reactions 
must have been based on cues not provided by the external situation 
We shall consider this question at greatei length in the later dis¬ 
cussion 

Results. A glance at Tabic 1 will show that there are wide 
individual differences in the ability of the thiee subjects to react 
correctly after delay, and that these differences are manifested both 
in the original 10-second peiiod (before practice) and m every 
period thereafter (after vaiying amounts of practice). There was 
But one major exception to the tendency for the thiee subjects to 
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Showing the Percentage of Correct Responses on Evert Ten Trials of Each Successive Delay Period Throughout the 
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TABLE 2 

Showing the Percentage of Correct Reactions on Each or the Three 
10-Second Delay Periods, Together with the Reliability of the 
Difference detwten the First Two Such Intervals 
Data are given for each of the three subjects anc] for the group as a whole 

10-second delays PE (difF 1-2) 

12 3 

(before (after (after D 

Animal practice) practice) practice) D ir diff 


Si i 

57 

80 

93 

23 

11 62 

1 98 

t 2 

63 

100 

93 

37 

8 81 

4 20 

# 9 

47 

57 

$ 

10 

12 80 

78 

Av. 

56 

79 

— 

23 

6,77 

3 to 


^Dropped (position habit). 

retain the same relative rank in ability to react correctly after vary¬ 
ing periods of delay Thus animal #2 was the highest through 
the delay periods up to and including 25 seconds, whereas animal 
#18 was the highest on delays of 30 and 40 seconds. This reversal 
may be attributed to learning or practice effect, as we shall later 
point out. 

Although no attempts were made to obtain ultimate limits of 
delay, so-called ‘‘immediate” limits were obtained m the case of 
two subjects. With a criterion of 80-pcr-cent correct out of 30 
consecutive trials, the maximal delay for subject #2 was somewhere 
between 20 and 25 seconds, Subject #0 nevei met the criterion, 
its best performances being 70- and 60-per-cent coriect choices on 
the 3- and 6-second delay periods respectively This animal de¬ 
veloped a position habit toward the middle of the expenment and 
was dropped. Subject #18 met the criterion during the 40-second 
delay, and no further attempt was made to obtain an upper limit. 

As stated in the introduction, the primary object of this experi¬ 
ment was to study the effects of piacticc on the delayed response 
There is no doiibt hut that the data show positive practice effects, 
If we compare the scores (percentages) made by each animal on 
the three 10-second periods, i e., before and after practice, we find 
marked learning effects Thus the three subjects made scoies of 
57, 63, and 47 per cent respectively on the onginal 10-sccond 
peiiod, and scores of 80, 100, and 57 per cent respectively on the 
second 10-sccond delay period. For the first two subjects (#18 
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and $2) the reliabilities of the differences are remaikably high, 
considering that only 30 tnals were given. 8 If \vc take the average 
for all three subjects; we find an mcieasc from 56 to 79 per cent 
of correct choices between the two 10-second delay periods, the 
difference of 23 being more than three times Its P.E. This average 
difference is all the more significant since it includes the data for 
subject #9, who responded with chance accuracy on both occasions 
(47 and 57 per cent respectively) 

The third 10-second interval was given as a check on the other 
two, since it came after a period duiing winch the monkeys had 
been making compaiatively low percentages of correct reactions on 
longer intervals of delay The results show that whatever learn¬ 
ing had been accomplished was of a permanent nature, since both 
animals scoied above 90-per-ccnt correct choices. It might be added 
that the immediately preceding 6-sccond interval of delay was ad¬ 
ministered as a kind of “shock absorber” so as to eliminate any 
disturbing factors (e.g., position or alternation habits, discourage¬ 
ment, lack of motivation, etc.) should they have existed 

A second major evidence for the effect of practice can be seen 
by inspection of the table of results It aviII he recalled that every 
three days a longer interval of delay was introduced, thereby in¬ 
creasing the difficulty of the problem, regardless of the absolute or 
relative proficiency of the subject In general, there was an inverse 
relationship between the percentage of correct reactions and the 
length of delay. If no learning whatsoever existed, a perfect cor¬ 
relation throughout would he expected. It is needless to say that 
such was not obtained Of especial interest is the record made by 
subject #18, whose percentages of correct choices dec leased as the 
delay period was lengthened to 25 seconds, at which time she was 
responding with chance accuracy (57 per cent), On the even 
longer delay period of 30 seconds, however, this animal made an 
average of 80-per-cent correct responses, and maintained this average 
during the succeeding 40-sccond interval Thus it appeals that 
with the other subjects (#2 and #9) the experimenter increased 
the difficulty of the problem at a rate which exceeded the rate 
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of learning of the animal, whereas subject #18 learned moie rapidly 
and thereby on one occasion was able to increase her percentage 
much more than the expenmentcr increased the difficulty of the 
problem. As to exactly how this was accomplished, we can only 
conjecture The writers venture the opinion that the animal may 
have learned to utilise some other cue or substitute stimulus which 
was more effective in eliciting the correct response. This sugges¬ 
tion is ui conformity with the usual “explanations” of rises follow¬ 
ing plateaux in the learning cuive on the basis of “charge in 
method,” The rather sudden rise in the cuive is similar to what 
the Gestaltists have teimed “insight,” but this philosophical ter¬ 
minology is only a name for a simple stimulus-response phenomenon. 

We might hcie mention a possible criticism or “objection” to the 
method and results heiein lcpoited, viz., the fact that the first 
10-second interval consisted of only 30 tnals, while the second 
might be thought of as consisting of the preceding delay periods 
of 0, 3, and 6 seconds, making 120 trials in all. This is not an 
objection or criticism in the least, but exactly what the investigators 
intended, since the effect of practice was to be studied The main 
reason for selecting these interpolated delay penods, rather than 
giving all tnals on the same 10-second interval, was the fact that 
this is the standard pioccdmc inaugurated and used by Hunter and 
is usually considered better since the difficulty of the problem is 
increased gradually. The question as to whether there would be 
more or less practice effect if the delay interval were held constant 
still remains to be investigated Nor can the difference between 
the two 10-sccond intervals be attributed to adaptation, recovery 
from shock or fright, etc The long preliminary adaptation and 
training pjoeess m which no animal made moie than 3 errors in 
the last 150 tuals is enough to preclude any such possibilities. 

A third evidence of the influence of practice lay in the slight 
tendency for improvement during the 30 trials of any delay period 
Inspection of the lesults will show that thete is a slight though 
consistent positive trend. The average inciease for the three sub¬ 
jects as a group is positive in almost every case, although too much 
reliance must not be placed on the average m such a small group 
It will be noted that this inciease is not exhibited in the 40-second 
delay period, possiblv on account of the reduction in motivation 
occasioned by the long delay. Sim daily, theie is no improvement 
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in the last 6- And 10-sccond periods since the animals have leached 
sucli a degree of proficiency that there i$ relatively little oppor¬ 
tunity for improvement 

Thcie was a tendency for the monkeys to react more slowly as 
the problem became more difficult, 1 e,, there was a positive cor¬ 
relation between reaction time (post-release and pre-icaction pciiod) 
and the period of delay, although no quantitative records of tins 
phenomenon were taken throughout the experiment. Thus timing 
the shorter delays the animals reacted almost immediately after 
release, the only tunc intervening being that requued to traverse 
the length of the cage On the longer intervals, howcvci, the 
reaction time became much slower, and on rare occasions was as 
long as 8 seconds. During such a period the monkey would slowly 
appioach the two doors, look in both directions, and finally choose 
one, often making a quick "slap” at the handle as if it were a hot 
object. 

Lastly, let us consider the cues or bases of reaction used by the 
vanous animals The data here consist of obscivations of the 
animal's general behavior. In no case did the experimenter observe 
the monkey to maintain a gross bodily set, posture, or overt attitude 
during the delay period In fact, many disorienting movements, 
cries, etc, always intervened between the presentation of the stim¬ 
ulus and the release prior to reaction. Each animal had an almost 
idiosyncratic mode of behavior during the delay period Animal 
#18 usually clung to the rear of the cage grill, facing the lelease 
signal and general illumination lights and with her back to the 
reaction panel. She would turn her head to see the stimulus light 
and then look in the opposite dncction. Animal jf2 was a rather 
“nervous” and “neuiotic” animal and would sit on the floor look¬ 
ing at the stimulus light, after which she would bite at her legs 
and chain, often going through various contortions Animal #9 
w r as a rather slow-reacting monkey who usually sat and gazed at 
the ceiling and walls of the cage during the delay period Thus 
the experimental evidence indicates that at least two of the mon¬ 
keys reacted correctly on the basis of some other cue or substitute 
stimulus, the e^act nature of which cannot be determined from the 
data collected in this study 
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L’EFFET DE L'EXERCICE SUR LA REACTION RETARDS CHEZ 
LE SINGE RHfiSUS 

(Resume) 

Les auteurs discutent les travaux antericurs dans le domame de lo re¬ 
action retards et compareflt les diverscs mdthodcs de laboratoire em¬ 
ployees (1) Carr-Hunter ou M6thode Indirectc, et (2) Methode Directe 
de Hunter. 

L’intdret principal de cette 6tude a ct& 1’effet de 1’exercice sur la r£ponse 
retardee, en utilisant la Methode Carr-IInnter ou Mdthode Indirecte Les 
sujets out 6t£ trois singes rhesus macaques pre-ndolescents Apres avoir 
entrain^ les ammaux h choisir entre deux portes celle au-dessus de laquelle 
une hmnire cornme stimulus s'est montr^e, on a commence dcs epreuves. 



PRACTICE AND DELAYED REACTION IN TltC MONKEY 413 


de test ou un mtervalle dc retard s'cst interpose entre la cessation de la. 
lunuerc et la liberation de I’anitnnl avant la reponsc Lea intcrvallca 
su wants de retard ont etc ctudics en ordre, 10, 0, 3 ( 6, et 10 secondes, 
avec 30 Spreuves de test dans cliaque Intcrvalle (lc retard On a employ^ 
divers controlcs 

Leg resultats montrent un effet marque de l’cxcrcice snr Fhabilet£ de deux 
des trols sujets it repondre correctemcnt apres le retard II y a eu unc 
augmentation piononcee des reponses corrcctcs dans I'mtervalle dc retard 
de 10 seconder quand cet mtervalle a £t£ pr£ced£ de teats sur les plus 
courts mtcrvallea de retard. D’ailleuis, dans n’importe quel mtervalle 
donne de ictard il y n cu ordmairemcnt une petite tendance au pcrjfcc- 
tionnement pendant lea 30 6prquvcs de cet imeivaljc L'ammal a tendu 
ft reagn plus lentement coniine les retards sont devenns progregswement 
plus longs II n'a pas fait la reaction sur la base dc la posture manifeste 
du corps 

Folly et Warden 

DIE WIRICUNG VON UEBUNG AUF DIE VERZOEGKRTE 
REAKTION BEI DEM RHLSUSAPFEN 

(Rclerat) 

Die Verfasscr besprechen die Faclilitcratur auf deni Gcbiet der ver* 
vogerten Reaktion, und verglcichen die vcrscluedencn expenmcntellcn 
Mcthoden, die gebraucht warden (1) Carr-Hunter oder die indirckte 
Metliode, und (2) Hunter dirckte Metliode 
Das Hauptmtercsse an dieser Untersuchung war die WirUing von Uebung 
auf die ver/ogeitc Reaktion Die Carr-Hunter oder indirckte Metliode 
wurdc angewendet Dici sehr junge Macacus Rhesus a (Ten wurden gc- 
braucht Naclulem die 'I lore dressiert wurden, erne von /wei Turen zu 
wahlen, uber der das Reizbcht ersclnen, wurden Probeversuclic vorgenom- 
mcn, bei denen cine Vcrzogerung zwischcn dent Aufhorcn des Lichtes und 
dem Loslassen des Ticrcs eingcschobcn wurde Die folgcnden Zwischcn- 
7eiten wurden untersucht 10, 0, 3, und 10 Sekundcn nut 30 Versuchcn 
bei jeder Veizogcrungs/cit VcrscliiCtlenc Kontiollen wmden angewendet 
Die Eigebnisse zeigen cine bestnninte Uchungswirkung in der Fnhigkeit 
/wel oder drci Tierc, nacli der Veizogerung nchtig zu rcagieren Es war 
cine ausgesproclvene Ziinahmc der rlclitigcn Reaktionen in der Verzogc- 
limgszeit von 10 Sek, wenn Pnifungen mil kurzcicn Vcr/ogcrungszciten 
diesen Pnifungen vorangcgnngcn waren Im ubrigcn war gcwohnlich erne 
kleme Neigung zur vcibesserung inncrhalb irgendciner gegebenen Ver- 
zogerungszcit with rend der 30 Versuche jencr Zwisclienzcit Es faitd sich 
erne Tendenz des Tieics, langsnmcr zu reagicrcn. wenn die Verzogcrungen 
fortschreitend lunger wurden Die Reaktion irfolgtc nicht auf Grund der 
offenbaren kmperhcheu Ilaltung 


Foi rv UNn Warden 



STRING-PULLING BEHAVIOR OF THE CAT* 

From the Psychological Laboratory of Biown Uwernty 


C. K. Truebi.ood and K. U. Smith 


The present note recoids a repetition and amplification of experi¬ 
ments made by D. K. Adams (1), dealing with the abilities of cats 
to obtain food in situations which require horizontal stnng-pnlhng. 
The devices used by Adams included a cubical cage, without bottom, 
of 1^-mch wire mesh, with top and sides 1 yard by 1 yard, the 
lower edges of the sides being slightly raised above the floor. Strings 
weie so laid on the floor as to emerge from this cage as indicated in 
A, B } C } D , of Figure 1. To one of the strings was attached food, 
or a small pan containing food. 



FIGURE l 

In situations such as these, Adams reports, cats are able to dis¬ 
criminate strings to which food is attached from strings to which 
no food is attached, whether the unattached stung*. aic arranged 
parallel to the loaded string, as m B, or whether they are made to 
converge upon the food, as in C, oi whether the loaded stung is 
Uid in the form of an L, as in D. The cat also, according to Adams, 
readily obtains food in the situation indicated in A The reported 
distance separating the ends of the non-loaded strings from the food 
varied from 5 to 8 cm. Among Adams.’ conclusions are the follow¬ 
ing: 

Some cats did learn to pull strings, and in most of these cases 
one success was sufficient to accomplish perfect learning (I, 
p 122} 

With proper introduction and adaptation of the animals to 

* Accepted for publication by Leonard Carmichael of the Editorial Board 
and received In the Editorial Office, June 28, 1933 
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the experiment room mid to the situation of beini; alone therein, 
all cats would learn to pull strings in the situations used, and 
most of them would learn with one success, (1, p 122) 

1 he behavior of most of the animals in the horizontal string 
pulling problems permits the inference of practical ideas In 
most of these cases maximum efficiency appeared in the second 
or third experience (1, p, 155) 

So fai as can be ascertained from the experiments repoited by 
Adams, these declarations are based on obseivations of relatively 
few animals with relatively few tuals given to a single animal— 
one tiial only with some animals, The experimental was also at 
times m the experimental loom at the moment of response of the 
animal, no controls being specifically indicated as to wlicthci this 
fact did oi did not affect behavior Noi aie controls mentioned 
of olfaction, oi of position habits as possible influences affecting the 
pciformances, and, although the dcscnption of behavior implies that 
discrimination was visual, no controls arc submitted demonstrating 
its visual character 

Since such experiments as these seem important, at least in afford¬ 
ing premises for arguments that cats and other of the lower mammals 
are capable of “insight,” a repetition and slight extension of Adams’ 
experiments in honzontal string-pulling has been attempted, the 
effort being to answer two questions (1) Can the cat, in one trial, 
develop a visually determined response habit to a stung to which 
food is attached; (2) can it, in one trial, visually discriminate such 
a string from one or more similni strings placed nearby with no 
food attached ? 

The arrangements described by Adams weic duplicated in the 
first part of the ptesent experiments as nearly as available facilities 
permitted Modifications were later intioduccd, these will be ex¬ 
plained hereafter. The cage used was of the dimensions and design 
alieady described The food was placed in a shallow circular i\hite 
pan, 5 inches in diameter, to which was attached a white string. 
In making the strings, white cheese-cloth was rolled into strands and 
then braided The result was a soft, closely packed, hi aided stung, 
approximating 1 inch in diameter. Unattached or noil-loaded strings 
were of the same sort as the attached or loaded strings and the length 
of all strings was so regulated that no matter where emerging they 
would extend at least 1 foot beyond the edge of the cage Used 
strings were frequently leplaced with fresh ones Cage, strings, 
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and food-pan were placed in the center of an experimental loom, 
upon a pressed-wood base, 3/16 of an inch thick, painted black, and 
extending 2 feet beyond the edges of the cage 
The cat, when released fLom a small wooden restraining cage con¬ 
trolled from outside the room, proceeded towaid the experimental 
cage, where, if successful, it obtained the food by clawing out the 
string to which the food-pan was attached. Haw hver, cut m ]/y 
inch squaics, was the food used in the eailicr pait of the experiments. 
It was later leplaccd by an equal amount of canned salmon. When 
the cat had eaten the food it was at once letumed to the release 
box and the piocedure repeated. The animal was always alone in 
the room from the moment of its release to the moment it had 
finished eating the food. Observations and motion pictures of its 
behavior were made from an adjoining room by means of a small 
aperture in the dooi. Experiments were earned on between nine 
and eleven o’clock in the evening, an aveiage of ten trials being 
given in each experimental session 

Common cats of unknown pedigree were used Some of them 
had been previously used in puzzle-box and other experiments, but 
none had paiticipated in stiing-pulling under experimental conditions. 
They had been confined to the laboratory quavers for two months or 
more prior to the experiments heie reported and during that time 
had been fed with milk and with a mixed diet of cooked meat scraps. 
For the duration of the experiment, however, they had only milk 
and the food obtained in the couise of the experimental sessions. 
This ordinarily sufficed since ten or more tiials were given daily. 

Single-String Experiments 

Four animals weie successively introduced to the experimental sit¬ 
uation by being fed three consecutive evenings in the centei of the 
experimental room near the cage. They were then required to obtain 
food by clawing out a single stung to which the food-pan was at¬ 
tached, and which emerged from the cage in the manner already 
described. Cat 1 obtained the meat in this mannei in a first trial 
lasting 11 minutes and 31 seconds, cat 2 in a first trial lasting 7 
minutes and 23 seconds, Cat 3 failed to solve the problem in l5 
minutes and was then removed from the room. It obtained the 
food the next evening in 9 minutes and 20 seconds Cat 4 required 
six consecutive 15-mmute trials on as many evenings before it solved 
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the pioblcm, the successful pcifoimance being made after 12 minutes 
41 seconds during the seventh 15-mmutc trial. 

These animals were then given additional trials in which 
the position of the string was changed from one side of the cage 
to another after each trial. None of the cats learned to proceed 
immediately to the side of the cage where the string lay. All of 
them peisisted in clawing at empty sides of the cage, particularly at 
that side where the string had been in the last preceding trial. Cat 
1 eliminated this tendency only after the 20th trial, cats 2 and 4 
at the 16th trial. Cat 3 had not eliminated this tendency at the 
12th trial, when it was transferred to a multlple-stiing situation. 
Motion pictures were taken of this behavior. 

Eight additional animals, none of which had been used in any 
piioi cxpeiiments, weic now submitted to the single-string situation. 
They were not fed in the experiment room bcfoic being presented the 
problem Of these animals, cat 5 succeeded in 1 minute 47 seconds, 
in the second trial, cat 6 in 2 minutes 50 seconds, also in the second 
trial. Of the remaining six cats, thiee had not solved the problem 
after eight successive 15-nnnute trials, and the other three had not 
solved it aftei ten such trials These animals were all active. All 
of them clawed at various empty sides of the cage throughout the 
trials, as well as at the general region of the cage where the string 
emerged. 

Cat 6 was given additional trials in which the position of the 
string was changed fiom one side of the cage to another after 
each trial This animal frequently made the characteristic error of 
clawing at empty sides of the cage The tune it icquired to obtain 
the food in successive trials with rotated position of the string was: 
first trial, 2 minutes 50 seconds, second tvval, 2 minutes 44 seconds, 
thud tual, 4 minutes 31 seconds; fourth trial, 4 minutes 45 seconds; 
fifth trial, 2 minutes 47 seconds; sixth tnal, 1 minute 15 seconds; 
seventh tnal, 42 seconds. 

These experiments suggest that the preliminary feeding at the cage, 
which is possibly what Adams means by “proper introduction and 
adaptation of tile animals to the expeliment room,” plays a significant 
role in the apparent solution in one trial of the single-string problem. 
But the performances of the cats in those situations in which the 
position of the string is lotated about the cage throw doubt upon the 
assertion that the behavior permits the infeiencc of so-called “prac- 
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ttcal ideas” in cats, at least of "practical ideas” that the loaded 
string is an object to be pulled in order to obtam food. If the phrase 
"practical ideas” has any meaning in this connection, such "ideas” as 
the cat possesses would seem to be of movements to be made in cer¬ 
tain regions of the situation, movements which distinctly cannot be 
said to have an infallibly direct perceptual reference to the string, or 
to be exclusively determined by vision, else the cat would more 
promptly respond to changes in position of the stiing. We do not 
mean, of course, that some cats may not be able to learn, by a series 
of trials and errors, or even by that acquisition m a single trial 
which is termed "insight,” to respond promptly and on a demon¬ 
strably visual basis to changes in position of the loaded string, or to 
discriminate visually a food-loaded string from non-loaded strings 
placed nearby. We do mean that none of the twelve animals per¬ 
forming in these first experiments gave convincing evidence in a 
single trial of visually determined specific responses to the loaded 
string as an object to be pulled in older to obtain food. 

To gam information as to whethei cats could learn, either by 
a series of trials and errors or by "insight,” to respond visually 
to a string as an object to be pulled in order to obtain food, and 
to discriminate visually a food-loaded string from non-loacled strings, 
the experiments were continued by submission of the animals to 
multiple-string situations, some being the same as those employed 
by Adams, and some being additional. 

Multiple-String Experiments 

Four animals, cats 13, 14, 15, 16, were presented with the five 
multiple-string situations indicated as / 1, Cj Dj E in Figure 2. 

Arrows indicate the path taken by the animals in approaching the 
experimental situation, Table 1 summarizes the peicentages of cor¬ 
rect responses exhibited by each cat in each of the five arrangements, 
Trials are shown at the extreme left of the table Notations at the 
bottom of the table indicate experiments in which the positions of 
the loaded and non-loaded strings weic reversed in successive trials. 
An error was counted if the animal responded to a non-loaded string 
by touching it 

Cat f3 After being trained in tbc single-string situation already 
described, this animal was presented with the multiple-string situation 
D, the positions of the loaded and the non-loaded strings remaining 
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FIGURE 2 


constant throughout successive trials, and the animal being slightly 
punished whenever it responded to the non-loaded strings by being 
immediately removed from the experimental situation Under this 
treatment it learned to discriminate the loaded from the non-loaded 
strings within 40 trials. No time rccoids were taken for these trials, 
but the successful behavior of the animal aftCT 40 trials had been 
given was recorded by motion pictures. 

This cat was then presented with the multiple-string arrangement 
A The three strings occupied the same position throughout all 
trials, the ends of the non-loaded strings being separated from the 
food-pan by 5 or more inches in this and all other multiple-string 
experiments described herein. Throughout the first five trials the 
animal pulled both non-loaded strings before pulling out the food- 
loaded string. During the third five trials, and henceforth, it 
responded to the loaded string alone, Motion pictures were taken 
of the first twelve trials The time the animal required to secure 
food diminished gradually from 35 seconds on the first to as low as 
10 seconds on the last trials In general, in this and the other 
multiple-string experiments, elimination of responses to non-loaded 
strings took place gradually In first trials the cat would drag the 
non-loaded strings completely from the cage Latei it merely touched 
the non-loaded stiings, when responding to them. Ultimately it even 
ceased touching 

Gat 14 This animal was not trained in the single-string situa¬ 
tion but was submitted directly to the multiple-string situation A 
after being fed for three consecutive evenings in the cvpcumental 
room near the cage The three strings occupied the same positions 
throughout all trials. After eight consecutive daily trials of 15 
minutes each the cat learned to obtain the food by immediately 
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clawing the loaded stiing from the cage. On the 9th trial the animal 
obtained the food after 2 minutes 20 seconds On the 11th trial this 
time increased to 3 minutes and 24 seconds By the 25th trial 
the time had decreased to as low as 9 seconds. The reduction 
of error during the 30 tnals is indicated in Table 1 Motion pictures 
were taken of the behavior of the animal in this situation. 


TABLE 1 

Trials and Percentage or Corrfct Choices Made ny Each Cat during 
Tbn Triais in Situations A, B, C, D, E 


String 

arrangements 

Trials #13 

A 

814 

815 

B 

815 

c 

816 

#13 

D 

815 

I wS 
" 

0 - 10 

0 

20 

* 60 

60 


0 

0 

* 0 

10 - 20 

100 

SO 

50 

100 

SO 

10 

0 

0 

20- SO 



100 


so 

40 

0 

40 

30- 40 





so 

100 

0 

30 

40- SO 





60 


0 

10 

50- 60 





90 


0 

0 

60- 70 





70 


0 

0 

70- 80 





80 


0 

0 

80- 90 





80 


0 


90-100 





80 


0 



^Experiments in which the positions of the strings were leversed in each 
trial. 


Cat 15 This animal was trained in the single-string situation and 
then presented with multiple-string situation A. With this animal, 
however, the positions of loaded and non-loaded strings were regu¬ 
larly interchanged dunng successive trials Beginning with the 
20th trial the animal discriminated the loaded from the non-loaded 
string, irrespective of position The time lequired to obtain the food 
decreased gradually from 15 seconds on the first, to four seconds 
on the last trial Motion pictuies were taken of the behavior of the 
animal, 

This cat was next piescnted with the multiple-string situation B, 
the relative positions of loaded and non-loaded strings lcm.unmg 
constant throughout all trials. In the first ten trials the animal re¬ 
sponded six times to the non-loaded string before pulling the loaded 
string from the cage Thereafter it responded to the loaded stiing 
alone The time required to secure the food decreased gradually 
from 18 seconds on the first to 7 seconds on the last trial. 

The animal was next presented with the multiple-string situation 
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D, the position of loaded and contiol strings lemaimng constant 
throughout successive trials. The eiror of respond mg to non-load cd 
strings was made in all 100 trials given this animal In 92 of the 
trials the cat responded to both non-loaded stiings befoie pulling the 
loaded string. 

Finally, this cat was presented with the multiple-string situation 

E, the positions of loaded and non-loaded strings being intcichaiigcd 
aftei each trial In only 8 of the 80 trials given did the cat lespond 
to the loaded string -without previously responding to one or more 
of the non-loaded stiings In six of these eight “correct” trials the 
loaded string lay at the side of the cage nearest the entrance and 
hence first in the animal's path as it appioachcd the cage turning 
towaid the light, as it mvaiiably did The other two “conect” 
lesponses weie also on the right side of the cage. 

Cat 16 This animal was tiaincd in the single-string situation 
and then piescnted with multiple-string situation C, the positions 
of the loaded and non-loaded strings being leverscd during successive 
trials. Aftei 100 trials the cat exhibited 80-per-cent-correct 
discriminations of the loaded string. The time taken to obtain the 
food decreased from a mean of 10.3 seconds in the first ten trials to 
a mean of 7.7 seconds in the last ten trials Motion pictures were 
taken of the behavioi of the animal in this situation 

While the results of the foregoing experiments aie suggestive 
rather than conclusive, it is nevertheless apparent that these cats 
could not m one trial respond selectively to a food-loaded stung 
placed among non-loaded strings Within certain limitations they 
could learn, or apparently learn, to do so in a scries of trials and 
errors, but the limitations throw doubt on the assumption that 
the selective responses of the cats to the loaded string were based 
wholly on “piactical ideas,” visually derived, of the loaded string 
as an object to be pulled in order to obtain food 

To assume, as Adams apparently docs, that the cat can in one 
trial exhibit an “insight” into the multiple-string situation, or a 
“practical idea” of the loaded string as an object to be pulled in 
order to obtain food, necessitates, we believe, the further assumption 
that the cat is capable in one way or another of visually perceiving 
the continuity of the loaded string and the discontinuity of the non- 
loaded strings with the food-pan or the food. Discrimination as 
prompt and accurate as this could, we believe, be on no other basis 
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But if the cat possesses such a capacity for visual response it should 
be able to .act accoidmgly, no mattci how the styngs are arranged, 
provided the aiiangcmcnt ptnnits clem vision of the essential con- 
tinuities and discontinuities involved, and we believe that it docs in 
all the multiple-string situations herein described. 

But the behavior of these cuts in the situations dcsciibed, while 
suggesting that some form of visual response may have been a 
factor in the ultimate successes of the annuals, is nevertheless far 
from dcmonstiatmg that the responses m question involved visual 
perceptions of continuity and discontinuity of loaded and non-loaded 
strings with the food-pan If these responses had involved such 
perceptions, there ought to have been no marked variation in the 
capacity of single animals to respond disciiminatively in different 
types of multiple-string situations, Yet theie cleaily was such vaua- 
tton. It is obvious that these cats moie readily learned to dis¬ 
criminate a loaded stiing in a situation winch involved two strings 
than in one which involved more. And they did better in a situation 
mvolving parallel strings than in one which the loaded string was 
angled or bent before it emerged fiom the cage Fmthei, it is clear 
that the ability of the animals to respond selectively to a loaded string 
was less affected by altering the positions of loaded and non-loaded 
strings m a parallel-string situation than by such interchanges in the 
more complex situations described 

From this behavior it would appear that there is an alternative 
to supposing that the cat’s successes aie due to its perception of the 
continuity of the loaded string with the food-pan. One may as 
easily, or perhaps more easily, suppose that the cat’s apparent visual 
responses to the loaded string and food-pan arc really visual responses 
to the food-pan alone, and the animal solves the multiple-string situa¬ 
tions presented to it, not by immediately perceiving the continuity of 
the loaded string and food-pan but by learning (by a seiies of trials 
and errors) to take up certain positions with leference to the food- 
pan, and then go through what are, in the early trials at least, more 
or less random clawings having but little dnect perceptual reference 
to the string, the result of this process being in successive trials the 
continual and gradual decrease fn non-cftectivc acts. 

Such an inference has support not only fiom the fact of the fre¬ 
quent and useless fumblings of all animals at empty sides of the cage 
in the single-string situation, but also from the characteristic errors 
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of scvcial animals m the multiple-stung situations Cats 13 and 15 
furnish examples of such enors Cat 1 1, turned m 40 trials (with 
punishment) to select only the loaded stung m the bent-string 
situation D, was submitted to the parallel-string situation A For 
10 of the 15 trials required to initiate the new habit, the animal 
consistently pioceeded fiist to the icqion of the cage where the loaded 
string had emerged in the previous bent-stimg arrangement rathe i 
than to the stiing that was now visibly continuous with the food-pan 
Similar behavioi could be observed in the pci fonnanccs of oat 15. 
This animal was trained, in approximately 30 trials, to select the 
loaded string in the paialld-string situation A, the positions of 
loaded and non-londed stnngs being interchanged dunng successive 
trials It was then presented with the bent-string situation D, in 
which the food-pan appeared in line with one of the non-londed 
strings but with the inner end of the non-loadcd stung visibly 
separated from the food-pan by a distance of 5 inches In 100 trials 
the animal did not learn to distinguish the loaded fiom the noil- 
loaded stnngs It pulled always those stiings which lay in hue with 
the food-pan bcfoic it pulled the loaded string The behavior of this 
animal in multiple-stung situation E is also significant in this con¬ 
nection The food-pan in this latter situation was placed in the 
center of the cage and hence equidistant from all sides of the cage, 
though visibly continuous with one string and visibly discontinuous 
with the thiec other strings by at least 5 inches. The cat made no 
progress with tins problem in the 80 tnals given, whereas in othei 
multiple-string situations in which the food-pan was displaced fiom 
the center toward one or another of the sides of the cage the animal 
made definite progress towaid a solution of the pioblem in less than 
80 trials In performances such as these it would seem that no true 
visual discrimination of loaded from noil-loaded strings takes place 

In view of these considerations, the question naturally anscs' Is it 
possible to arrange an experimental situation m which the cat will 
develop demonstiably and exclusively visual responses to the con¬ 
tinuity between the loaded string and the food-pan or to the discon¬ 
tinuity between the non-loadcd stiing and the food-pan? In an 
attempt to find this out two additional cats wcie subjected to the 
double-string situation F shown in Figure 3. 

The cage was moved to the side of the room, the animal being 
thus compelled to reverse its steps after making an incorrect choice 
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FIGURE 3 

The base of the cage was so ai ranged that the food-pan could be 
returnee] always to the exact center of the cage. Special strings were 
cut from %-mch white felt, 1 inch wide and of such lengths that 
loaded and non-loaded stiings extended the same distance outside 
the cage. As before, clean strings were frequently substituted for 
used ones to control possible olfactory influences. The end of the 
non-loaded string, which was invaiiably separated fiom the food-pan 
by at least 10 inches, was attached to the base of the cage by a small 
invisible hook so that the animal in iesponding to the stung would 
be slightly punished by not being able to pull it The positions of the 
loaded and the non-loaded stiings wcie mteichanged in irregular 
ordei after each trial. 

The results arc shown in Table 2. Of the two cats submitted 
to this situation, while one developed 76-per-cent correct discrimina¬ 
tions of the loaded string in 250 trials, and the other 60-per-cent 
accuracy in 375 trials, neither ever showed the perfection of response 


TAPLE 2 

Percentage or Correct Choices and Average Time in Seconds during 
Series or 25 Trials in Situation F 


Subject-* 

Trials 

Per cent 
correct 

#17 

Average 

time 

Per cent 
conect 

#18 

Average 

time 

0- 25 

12 

10 6 

20 

34.4 

25- 50 

23 

97 

40 

10 8 

50- 75 

21 

8 3 

24 

13.1 

75-100 

3 

78 

20 

116 

100-125 

+3 

10 5 

40 

110 

125-150 

32 

10 7 

36 

11 8 

150-175 

16 

10 2 

44 

11,1 

175-200 

36 

10 2 

32 

92 

200-225 

52 

118 

36 

97 

225-250 

76 

11 8 

48 

9,4 

250-275 



68 

84 

275-300 



64 

82 

300-325 



72 

12 6 

325-350 



60 

12 6 

350-375 



60 

92 
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which one would leasonably expect of animals responding visually 
to the continuity of loaded strings and food-pan and which, we 
believe, is necessarily implied by "insight” or by "practical ideas” of 
loaded strings as objects to be pulled in order to obtain food. It is 
true that controls of the pci foi ounces of cat 17 showed that the 
distance between the end of the non-loaded string and tile food-pan 
was to some extent a factor in the disciimination Tlius in 25 trials 
given this animal with the end of the non-londcd string sepaiatcd 
from the food-pan by 5 instead of 10 inches, accuiacy of response 
dropped to 64 pei cent, using to 100 per cent in 15 succeeding trials 
m which the usual 10-inch interval was restoicd. Again, m 15 trials 
in which the end of the non-loadcd string was separated from the 
food-pan by 2 inches, accuiacy of icsponse dropped to 53.4 per cent, 
rising again to 86.7 pci cent when the 10-inch intcivnl was icstorcd 
Yet when the method of control was slightly changed, for example, 
with the substitution of a food-pan, like the usual 5-mch pan in all 
respects except that it was 2 inches in diametci instead of 5, the 
distances between the end of non-loadcd string and food-pan re¬ 
maining 10 inches as before, accuracy of response dropped to 33 1-3 
per cent, lising again to 84 per cent m 25 trials with restoration of 
the original food-pan. 

The fact is tlius appaient that the supposed visuaL icsponscs of 
these two cats to continuity or discontinuity of loaded and noil-loaded 
strings with food-pan could not have been exclusively or even sig¬ 
nificantly visual peicepfcions of such lelations, since these animals 
patently lacked the accuracy of performance which responses of this 
sort would necessarily involve Far from the cat’s being able in 
one trial, as Adams repoits, to disci linmatc accurately a loaded 
from a non-loaded string when the end of the non-loaded string lies 
as near as 5 cm to the food-pan, we find that this response is still 
equivocal after 250 tnals have been given one animal and 375 1 1 mis 
another animal with the end of the non-loadcd stnngs as fai as 10 
inches from the food-pan. 

Summary 

Fourteen cats were trained and tested in various situations requir¬ 
ing the animals to pull strings in order to obtain food “Successful” 
iespouses were secured in certain situations, but when the situations 
weie altered by the elimination of extraneous clues upon the basis of 
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which position habits had presumably been established, the responses 
were found to have no lclevance to the continuity 01 discontinuity 
of the stnngs with the food Fuithei, when two additional cats 
wcic trained for approximately 300 trials each undei altered con¬ 
ditions, equivocal responses weie still obtained, even though the 
food and the inner cncl of the unattached strings were separated by 
as much as 10 inches. Moreovei, in such successful responses as 
wcie .attained by the animals in these situations one success was not 
‘‘sufficient to accomplish perfect learning", nor did maximum 
efficiency appear in “the second or third experience 11 In general, the 
behavior of the animals in these situations does not appeal to require 
the inference of eithei the "ideas” oi the "insight" implied by Adams 
On the contrary, like the performances of the cat m another experi¬ 
ment reported fiom this laboratoiy (2), such successful responses 
as were achieved appeared as a result of the gradual elimination of 
lion-eftective acts—-that is, of trul-and-enor learning. 
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LE COMPORTEMENT DU CHAT EN TIRANT DES FICELLES 

(Resume) 

Dans la repetitions de ceitaines experiences de D K Adams, on a 
entralnE et testE quatorze chats dans des situations oil il a fallu que les 
animaux tirent des ficelles pom obtemr de la uourritiue Les chats oni 
obtenu la nournture cn tiiant des ficelles dans ceitaines de ces situations, 
mais quand on a changE les situations dans les experiences de controle en 
eliminant les reperes sur la base desquels ils> auiaient Etabli lems habitudes 
de position, les rEponses n'ont inontre aucune relation avee la continuity 
de la ficelle corrccte ni avec la discontimute des ficelles mcoirectes avec 
la nournture D’allleurs, qunnd on n entralne deux autres chats, chaniti 
dans approximativement 300 Epieuves dans des conditions semblables, on 
a too jours obtenu des rEponses Equivoques, bien que la nournture et lea 
bouts intEricurs des ficelles incoi rectos aient EtE sEparcs de la longueur 
de dix pouces D'ailleuis, dnns les reponses reussies obtenues, un sticccs 
n* a pas “sufli pour accomplir un apprentissage porf ait,” com me Adams 
avait dit, En genErnl, le compoitement des animaux dans ces situations 
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ne necessitc m la supposition des “ldccs" m cclle dc la “connaissancc np- 
piofondte 1 ' dotmtas A entendre par Adams Lcs Spouses rcusaies cditenues 
se sont montrees tornme rtsnltat de Pclimination graduellc des actes non 
effectifs, c’est-a-dire, par I’apprenmsagc “cssnl et trreur” 

TRurnioon et Smith 


FADENZIEIIENDES VERHALTEN DER KATZE 
(Rcferat) 

Bci dcr Wicderholung gcwisscr Experimentc \on 1) K Adams wurden 
vicrzehn Katzcn drcssiert und in Sitiiariotien gepruft, wo die 'Iierc Fadon 
zielien mussten, um Nalining zu lickommen Die Kntzc erhicit die Nrtli 
ning duicli das Zuhen dei Faden in cimgen von dicsen Situatmnen, ahei 
wenn die Situation Lei Naihprufungseitperimciilcn durch die Aimclialiung 
der Leitfadcn verandert wurde, auf Gnmd derer Stelliingsgewohtiheiten 
wahrsclicmlicli gclernt wurden, hattm die Verhaltungmiscii kcinc Wick- 
tigkeit in bezug auf die Ycrbimdcnlieit des riclitigen Fadcns oder die Unvcr* 
bundenheit der unrichtigcn Fallen nut der N aiming, Wciter, wenn nodi 
zwci Kat/en zu ungefnhr 300 Proben, jede untcr deiisclbcn Umslanden, 
drcssiert wurden, wurden unbcstimmtc lUaktionen nocli erhaken, obgleich 
die Nnhnmg und die \mm Enden tier imnchligen Faden bis auf zehn 
Zoll getrennt wurden Im ubngen war em Erfolg bei crfolgreiclien Renk- 
Gonen mcht hmreichend, um perfekt zu lernen, wie Adams behauptet hat 
Im allgememen erfordert das VethaUen dteser Tiere m dtesett Situattonen 
die Folgerung von weder "Idecn" noch von "Einslcht,” was von Adams 
aucli behauptet wurde Solche Re.iktionen tchiencn das Resultnt einer all- 
mahlichen Aussclialtung mchtwnksamer Akte, d, h durch Versuch und 
Fehler, zu sein 


Trumlood und Smith 



THE SPREAD OF THE INFLUENCE OF REWARD TO 
CONNECTIONS IRRELEVANT TO THE 
LEARNER’S PURPOSES* 1 


Edward L Thorndike and the Statf op the Division of 
Psychology, Institute of Educational Research, 
Teachers College, Columbia University 


We have shown elsewhere th.it a satisfying after-effect not only 
strengthens the connection winch it immediately follows and to 
which it belongs, but also stiengthens to a much less degtee connec¬ 
tions near enough to the lewardcd connection though these arc 
themselves punished. The satisfying after-effect docs not, in this 
spread of its influence, act logically, but in a natuial, not to say 
mechanical, way. It acts directly, not by vittue of any secondary 
behavior on the part of the subject, who would be no more likely to 
repeat or othciwisc cheusli punished connections neai to the re¬ 
warded connection than those remote fiom it. 

In the piesent series of experiments we inquire whether a satis¬ 
fying after-effect will also spicad to connections which aie con¬ 
temporaneous with the lcwarded connection and unpunished, but 
irrelevant to the lcarnei's purposes. 

The experimenter instructs the subject as follows: 

I shall say a word, you will say any number from 1 to 6 
as soon as you hear the woitl. You will also say any letter 
Then I will say another word and you will say 1, or 2, Or 3, 
or 4, or 5, oi 6 as before and any letter, but you must not use 
the same letter twice in succession and you must not use any 
device or sequence of letters like a foi the first woid, I) for the 
second word, c for the third word, d for the fouith word, 
etc You con always choose any number from 1 to 6 ns you 
phase, but the letters that you choose must not be chosen by 
any system. After you have said a number and letter, I shall 
say “Right” or "Wrong” This announcement of “Right” 


"Received in the Editorial Office, June 9, 1933 

’The investigation reported in this article was part of a general investi¬ 
gation of learning made possible by a grant from the Carnegie Corporation 
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or "Wrong” refers to the numbers only You will not have 
to be told whether any letter is right or wrong, because, as a 
matter of fact, none of the letters is right and none of them is 
wrong They are not to be learned as the numbers arc, blit are 
for an cntnely different purpose You understand that the best 
that you can possibly expect to do in the first trial is to get 
one right out of every six Moreover, going as fast as wc 
do with rather difficult material to remember, you must not 
expect to get anywhere near peifcction in the small number of 
trials that wc make The money payment made to you as a 
bonus after each division of the experiment will show you how 
rapidly you are learning We shall nlso tell you the total 
number of rights made by you in each division of the experi¬ 
ment The number you would get by chance is 33 Conse¬ 
quently anything over that means learning 
Wc will do a piacticc senes to make sure that you hnvc the 
procedure in mind and to show you about the rate at winch the 
woids and numbers will be said. 

The subjects were 24 adult students, to whom the money was an 
important matter The materials used were 24 sets, each consisting 
of 40 woids, for each of which some number from 1 to 6 was called 
"Right/' the other five numbers being called "Wrong" as responses 
to that woid A subject was put through a series of 40 five times 
without stop He then had a lest of about two minutes during 
which he was told Ills score and given his money bonus. This was 
repeated set aftei set for an hour On later days, usually in three 
more sessions, the rest of the 24 sets were used in the same way. 

The experimenter said a word, recorded the number and letter said 
by the subject, and announced “Right” or “Wrong,” the total tunc 
for such a unit averaging 3 56 seconds and varying fiom 3.1 to 4.0 
seconds according to the quickness of response of the subject. 

The woid-number connections to which the satisfying "Right” 
and money payment are attached aie strengthened in all the subjects. 
Tins does not now concern us, except ns evidence that the satisfying 
after-effect had potency 

Our present interest is to discover whether the connection be¬ 
tween a certain word and the letter which the subject used with the 
number as his response was strengthened by the reward, which 
referred only to the number 

We compare the percentage of repetitions of the same letter in 
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response to a word in cases whctc the numhei in the response was 
rcwaidcd by "Right” and money, with the coiresponding percentage 
in cases wheie the numbei was punished by “Wrong” and no money. 
We measure first the influence of single and fust occuncnccs only 
That is, we use the influence of tual 1 upon tnal 2 in all 960 con¬ 
nections, the influence of tnal 2 upon tual 3 omitting the cases of 
all connections which were identical in tual 1 and trial 2, and the 
influence of trial 3 upon tual 4, omitting the cases of all connections 
in tnal 3 which were identical with those operating in tual l, oi 
in ti ml 2, or in both 2 We shall study the double and treble oc¬ 
cuncnccs latei. Wc reserve the influence of trial 4 on trial 5 for 
• possible later study. 

Table 1 presents the facts in its first six columns and the compari¬ 
son in column 7 (differences in strengthening in favor of the word-> 
letter connection contemporaneous with a lewarded word->numbei 
connection) 

The totals for all 24 subjects give .28li: 0031 (P E.) as the 
probability of repetition of a letter attached to a rewarded connec¬ 
tion and .242±,0014 (P.E.) as that of a letter attached to a pun¬ 
ished connection. The difference 039 is ovei 10 times its probable 
ertor (.0034) In 17 of the 24 subjects thete appeared a positive 
influence of occurrence along with a rewaided connection 3 The 
mean difference is 4 0; the median is 2 3. 4 

“Identical here inenn9 having the snme word and the same number; the 
letter might be the same m different, 
a The exact nature of the connections ending in a letter said need not 
concern us They may be, and piobably are, different in different indi¬ 
viduals. Common forms probably aie 

(1) woid->number 
word\letter 

(2) word->number-> letter (these will vary according to the prominence 
of the word-to-letter and number-to-letter elements) 

(3) word->numbcr-> letter 

(4) word->number I must say a letter too-^letter 

In some forms, in which the saying of a lettei is taken caic of by a habit 
or habits highly independent of those concerned in listening to the word 
and choosing a number, the attachment is very slight. No. 4 above verges 
toward such a condition. In some forms, Much as No 1 above, where 
the letter is almost a co-response with the number to the same situation, the 
attachment is very close All that concerns us in this investigation 19 that, 
whatever the different sorts and dcgiecs of attachment may be, the average 
result differs for attachment to rewarded and to punished connections It 
will be an interesting investigation to analyze individuals’ connection forms, 
and correlate the differences in these with differences in the amount of 
Spread. The seven subjects who showed no evidence of spread may well 
have used forms of connection to letters different from the 9even who 
showed large amounts of it 

We have also carried out computations separately according as the 



The Spread of the Influence of the Reward Given for a Correct Number to the Letter S\id by the Subject 
Along with That Number in Response to the Word in Question 
The frequency with which a connection which at its first occurrence was related to a rewarded or punished connection 
as stated, was repeated {S) or replaced by a different connection ( D ) m the next trial_ 
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In spite of the fact that they were told that the letters could be 
neither light noi wiong and made no difference in the score, some 
of the subjects said the number and the letter to themselves when 
the former was called right, if they had time to do so before the 
next word was said by the cxpeinnentci. However, those who did 
not do so showed nearly 01 quite as large diffeicnces as those who did, 
Apparently their repetition did not connect the letters with the words. 

To check fuithei on this, wc have lepeated the experiment with 
five membeis of the Institute staff who wcie instructed never to 
repeat word 01 letter and to prevent such fiom echoing as a memory 
after-image in the mind One of the five did not succeed in the 
latter, another was so disturbed by efforts to avoid repetitions and 
echoes and association of letteis with the words that there was no 
influence of the reward in his case. The other three gave the fol¬ 
lowing Jesuits for the influence of one occutrence. 

With a rewarded wotd-number connection S 245, D 1007, % 19 6 
With a punished word-number connection S 884, D 4601, °/o 16,1 

The diffeience (3 5) is little below that (3 9) for the group of 
Table \ 

We may then assume that, if all the 24 subjects had followed the 
instructions and paid no attention whatevci to the letters save to 
say one after saying a numbei, the spiead effect of urelevant associa¬ 
tion with one rewarded connection would stdl have been nearly 30, 
We may also consider the superior strengthening of the word->lct- 
ter connections associated with lewarded word^number connections 
in comparison with the supcnor strengthening of rewarded word-> 
number connections over punished ward~> number connections in the 
same person. Columns 8 to 14 of Table 1 piesent the facts and 
comparison for the woid->number connections comparable to those 
of columns 1 to 7 for the woid^ letter connections 
The facts for the totals are as follows . a 


first occurrence was in trial 1 or in tnal 2 or in trial 3 It makes no 
demonstrable difference 

“The percentages of repetition for rcwaidcd word-number connections in 
this experiment may be paitly due to inner repetitions of the number, or of 
the word and the number, in such cases This was not foi bidden because 
our interests in the expenment did not include a measurement of the con- 
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Probability of lepctition of a rewarded word-»mimher 

connection 436±: 0035 (PE.) 

Probability of iGpelition of n punished word-*number 

connection 225±0013 (PE.) 

Difference 21I± 0037 (PE) 

The effect of the reward upon the attached neutral connection was 
then from a sixth to a fifth of that upon the rewaidcd connection 
itself 

We may now consider the frequency with which two occui rences 
of a response to a word by the same number and same letter arc 
followed by a repetition of the letter in the next trial Wc record 
sepalately the facts for the influence of such double occurrences in 
trials 1 and 2 upon the response in tnal 3, and for the influence 
of those in trials 2 and 3 upon trial 4, and for those in trials 1 and 
3 upon tual 4 

The facts for the consecutive doubles appear in Table 2 The 
probability of repetition in the next trial thereafter is .581 when the 
letter is attached to a rewarded connection, and .435 when it is 
attached to a punished connection. The diffcience, .144, is 12 
times its piobable error. For the three extra subjects, the cor¬ 
responding difference is 135 

The facts for the non-consecutive doubles are too scant to be pre¬ 
sented by individuals The probability of repetition in the trial 
following the second occurrence is .411 when the letter is attached 
to a rewarded concction («=224) and 401 when it is attached 
to a punished connection (w=635) 0 For all doubles the probabili¬ 
ties are 554 and 427, the difference, .125, being 11 times its prob¬ 
able error These figures may be compared with the following for 
the word-^number connections rewarded, 800, punished, .325, 
difference, 475 

The facts for the repetition of "trebles” in trials 1, 2, and 3 in 
trial 4 are as follows Of 265 connections ending in letters at¬ 
tached to rewarded woid-numbcr connections, 229 or 86 4%. were 

firming tendency set up by the influence of the reward apart from any such 
repetition, but only its spread to preceding and succeeding word->number 
connections and to the contemporaneous word-Meltcr [or (word+number)-» 
letter, etc] connections There was very little time for such inner repeti¬ 
tion, and its beneficial influence is probably slight, but the percentages 
should be used with their source in mind 
“For the three extra subjects, the corresponding figures were 421 
and .167 («—66) 
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repeated in tnal 4 Of 162 connections ending in letters attached 
to punished woid-number connections, 89, or 54.9%, were re¬ 
peated m trial 4 The difference in probability of repetition is 
thus 315 Of 265 rewarded word-number connections, 238, or 
89 8%, wcic repeated in tnnl 4 Of 162 punished word-number 
connections, 79, or 48 8%, wcie repeated in tiial 4 This differ¬ 
ence in probability is thus 410 These results arc m harmony with 
those piesented foi single and double occurrences. 

We have demonstrated that a reward influences not only the 
rewaidcd connection itself but also a contcmpoianeous ncutial con¬ 
nection attached to the rewaidcd connection The influence of a 
satisficr spicads backward and font aid to influence ncigliboung 
punished connections of the same soit as the rewaidcd connection, 
it spreads sideways to influence connections that aic operative at the 
time and attached to the rewarded connection as unconsidcred parts 
of it or accessories to it. 

In our experiment the attachment of the connection ending in 
the letter and the connection ending in the number may have been 
close, but it will be easy to mcasuic the spread of the influence of a 
reward to contemporaneous connections less closely attached. For 
example, the subject could say a number and letter and write either 
a line, cioss, circle, or triangle, and also press with his left hand 
any one of n keys An observer could record his various changes of 
posture, gestures, smiles, yawns, and the like, and we could measuic 
the fiequency of lcpetition of such in relation to their occurrences 
along with rewarded and with punished connections. Presumably 
there is less and less influence with less and less close attachment. 

Our experiment adds to the evidence showing that a satisfying 
state of affairs exerts a strengthening foicc that is real, rcgulai, and 
predictable Wc may think of it as like a stream of strengthening 
poured down upon the connection which the reward immediately 
follows and to which it “belongs,” which spreads out to carhci and 
later connections and to moie and more loosely attached contem¬ 
poraneous connections. Or we may think of it as a unit of 
strengthening which is directed in gencial toward the connection to 
whioh it “belongs” but which sometimes scatteis and hits an earlier 
or a later connection oi an attached accessoiy connection A con¬ 
tinuous spread oi a scattenng of shots would equally well account 
for the experimental results 
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L’EXPANSJQN DE L’INFLUENCE DE LA RECOMPENSE AUX 
CONNEXIONS LTRANGERES AUX BUTS DE CELUI 
QUI APPREND 

(Rcstimd) 

Un effet ultfencur satisfamant, c’est-A-tlire, une recompense, rend plus 
forte non settlement la connexion qu’il suit et & laquclle il apparent, mals 
aussi une connexion con tempo mine dc la connexion rdcompensce mats non 
recompfinsee elle-meme, et etrang5re aux buts de cclui qui apprend Vingt- 
neuf sujets ont pmticip£ a un apprentissage & choix multiple oil la rfponse 
corrects a fete suivie d’un ygnni (“Juste”) mdieatif du sucefcs et d'une 
recompense pdcuniere it payer plus tare! Le sujet a fait au hasard, avec 
ses r^ponses dingoes an but et appropriies, des rcponscs sccondaires et on 
lui a dit qiie I’on nc considercrait celles-ci ni justes ni faussea et que celles-ei 
n’lndueralent du tout m sur son rfesultat ni sur sa rScompense Ces r^ponsea 
seconduirea £tr.ing&ies sont neanmoins assocides plus foitement & la situa¬ 
tion quand on recompense la r^ponse prtmaire q\le duns le gas contrairc 
L’effet ultfirieur satiafaisant eseice un pouvoir confirmant ou foiUfiant qui 
s’etend ou se lepand pour influcr sur lea connexions contemporalncs aux- 
quelles il n’appnrtient pa9 logiqucment, 

Thorndike et al 


DAS VERBREITEN DES ElNFLUSSES DER BELOHNUNG AUF 
zusammenhaenge, DIE DEN zwecken des 
LERNENDEN UNZUTREFFEND SIND 

(Referat) 

Einc befriedigendc Nachwirkung, d h cine Belohiuing, verstarkt rncht 
nur den Zusammenhang, dem sic folgt, und dem sie gehort, sondern such 
einen Zusammenhang glcichzeitig mit dem belohnten Zusammenhang, der 
nicht selbst belohnt ist und tier den Zwecken des Lerncnden unzutreffend 
»&t Neuimndzwanzig Vpn bcachaftigten sich mit vielfachem Wahllernen, 
bei dem die nchtige Antivort von einem Zeichcn (“richtig”) gefolgt wurde, 
und das Erfolg und erne Geldbelohnung bedeutete Zusammen mit den 
zweekmassigen und treffenden Antwortcn der Versiichspeison, machte sie 
aufs Geratewohl Nebenantvyortcn, die als weder richtig noch unrichtlg 
geznhlt wurden, wie ilir gesagt wurde, und gar kcinen Einfluss auf ihre 
Marke oder ihre yerdienstc haben wmden Diese unzutreffenden Neban- 
antworten werden tcotzdem mit der Situation starkei in Reziehung gcbracht, 
wenn die primare Antwort belohnt wird, als wenn nicht Die befriedigende 
Nachwirkung ubt einen bejahenden oder verstaikenden Einfluss aus, der 
sich auf den Einfluss gleichzeitiger Zusammenhange ausbreitet, denen er 
nicht logisch gehort 


Thorndike et al 



SHORT ARTICLES AND NOTES 

AN ARRANGEMENT OF PRINTING-CUBES WITH COMBINED 
INK-PAD AND TYPE-CELL 

Marie L II Forres 

The purpose of this note is to describe a printing device with combined 
ink-pad and type-cell. 

The writer acknowledges the examination of the device by her former 
instructor, Dr Walter F, Deaiboin (1), MD, Director of the Psycho- 
educational Clinic, Harvard University, nnd Dr Elizabeth E. Lord, Re¬ 
search Associate, Children’s Hospitnl, Boston 

The device consists in pait of a box the lid of which in two sections, 
hinged, serves as a printing-shelf The paper is inserted under n blotter 
attached to the shelf or under the shelf on n curving slide. It is then 
folded over the shelf and held down by a guide with printing-cells The 
paper is constantly pulled toward the back of the shelf away from the 
operator 

For the printing of words in a line, tape is passed over the shelf from 
right to left through slits in the blotter 

Printing-cubes rest on ink-pads spread on the floors of trays which rise 
in tierB to the printing-shelf The cubes in a tray are divided into groups 
of five by a bridge in the center of the tray and are separated by wire 
cross pieces 

Capital and small letters of rubber aie mounted on adjacent stdes of n 
cube and the sides opposite are indexed with the same stamp, capital 
and small letter 

The cubes are arranged in typewriter order, or, ns it has bfccn sug¬ 
gested to the writer, in the order of frequency (2) of letters in com¬ 
position, small letters of rubber resting on the ink-pads, small letter indices 
visible 

qwert yuiop ctals wypgh 

a s d f g h j k l 1 u c m f v y p g h 

z x c v b n m v h j q x z 

The writer suggests the following additions or modifications A record 
sheet in motion directly under the printing cells, color in index and ink- 
pad, a geometric figure mounted on a cube, a digit and a group of domino 
dots mounted on adjacent sides of a cube and a cube without index or 
with a raised index, 
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The Drawing' 

Figures 1 and 3 Box with trays, pnnting-shclf, and guide with 
printing-cells 

Figure 2 Tray with bridge, wire cross pieces and cubes 

on ink-pad 

Figure 4 Diagram of double-case printing-cube, 


Specifications', 

Box 

Ltd of box (two sections) 

Tray 

Bridge 

Wire cross piece 
Guide 
Cube 


H" x 5 'A" x 2)4" 

1+34" X 234". 
14)4" x 3)4" 

13 ) 4 " X l" X 34 " 

1" X 1" 

I) 4" x 1/16" D 

II) 4" x 1" x }4" 
1" 






figure s 
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SIIOIU AMICI l'S AND NOTES 


BEHAVIOR OF WHITE RATS ON ROTATED MAZES 
C IC 'I kui moon ano L F BrcK 

'Die expcinntnts repented hue concern the behavior of white rats when 
a maze winch they hate learned is Jointed -15 m mote dcgiees fiom the 
position of learning, the living-cage of the animals being continuous with 
the maze and iota ring with it. Such nil experiment, employing an alloy 
type maze, h.is been lepotted by Leuba and Fam (6), who state that no 
ilistuibance due to rotation was exhibited by the font white tats which 
they tested 

The icsults which they have lcported SuggLst that continuity of the 
living-cage with the maze eliminates the loom envnonment as an influ¬ 
ence affecting the behavioi of nil animal tiavusing the maze, even when 
the maze used does not exclude sensoiy influences ansing from the 
100 m Such a conclusion, howcvci, coiUiadicts, at least in pait, the 
cxpeiimcntal findings of Cnri (1), Patnck ami Aiulcison (7), and True- 
blood (9), nil of which suppoit the view that the room situation of the 
maze excits influence aecoidmg as the foim of maze used permits senson 
influences fioin the loom to ic.icli the icceptois of the animal in the maze 
As stated by Can (l, p. 304) 

the maze habit consists essentially of a tnciunl-Lincsthetic 
motot cooulmatiou, [hut] it is dependent neveitlielcss, both din¬ 
ing and subsequent to its development, upon .» wiclei sensoiy 
situation of winch it is a pait This fact is piovcd by an c\- 
penmcntal contiol of the lelations between the annn.il and 
the envnonment 

The issue between the icsults lepoitcd in the Leuba and Fam expeiiment, 
based on the peifounanc.es of foili animals, and those obtained bv the othei 
expeimumteis mentioned above, based on the peifoirnances of upwauls of 
400 animals, has seemed to us of sufficient nnpoilance to justify a lcpetition 
of the Lettlia and Fain eKpeiiment, employing a laigci munbei of animals 
than they used and using mote than one type of maze and maze situation 
Accordingly, 48 male white rats, YVistnr stock, tanging m age fiom 130 
to 170 days, have been submitted to iotation pioceduic on an elevated maze, 
the living-cage being continuous with the maze enhance thiougliout train¬ 
ing and lotnted tiials, as desenbed by Leuba and Fain Othei experiments 
ate in progress in which the animals me submitted to iotation procedure 
in an alley maze, with the living-cage continuous with the maze, also in 
acCoidnllce with the conditions described by Leuba and Fain 
In the elevated-maze experiments, which aie here leported, the maze 
was composed of 9 segments, 2 inches wide, elevated 50 inches above the 
floor, and mounted on a swivel pe\milting iotation lo any point of the 
compass The length of the line pathway was 190 inches A sliding gate 
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of inetal, placed midway of the first segment, controlled the release of the 
animals for timing purposes It was operated by the experimenter, who 
was stationed behind a screen placed 5 feet from the maze. Illumination 
was dn ect and was supplied from above the maze by two 200-watt lights 
mounted on a fiame which rotated with the maze 
The living-cage units, provided with wooden floors and meshed-wirc top 
and sides, were constiucted in the shape of octQgons, measming 20 inches 
between any two sides Each octagonal unit was 9 inches high and was 
divided into 8 individual compartments by wire partitions, 9 x 10 inches, 
which ran fiom each angle of the octagonil structuic to its central axis 
Each of these compartments, which was used to house one rat, was equipped 
with a carpet of sawdust, shredded paper for n nest, a water bottle, and 
a wire door hinged to the wooden bottom and opening outward This door 
formed one of the eight extcnor faces of the octagon 
These cage units were kept in a tack near the maze Each unit was pro¬ 
vided with protected apeitmes at ns center so that it could be mounted on 
a shoit veiticnl shaft fixed at the beginning of the maze in such n manner 
as to revolve horizontally The unit could then be turned until the com¬ 
partment of any paiticular animal was directly in front of the initial run¬ 
way of the maze The wile door could then be lowered and the animal 
would pass directly from us nest to the maze, Thus, throughout training 
and rotated trials the cage of each animal was continuous with the true 
pathway of the maze 

Throughout the experiment each animal received four trials in the morn¬ 
ing and four trials at night, being allowed to eat for 20 seconds after 
a trial Successive trials of any one animal were separated by the trials 
of its seven neighbors in the unit, so that foi each animal there was an 
interval of 6 to 8 minutes between trials Individual glass food dishes, 
changed regularly from rat to iat, were employed, and each dish, with any 
food remaining in it, was placed in the cage with the animal at the con¬ 
clusion of four trials McCulloin’s diet (3, p 55) was used, being fed ns 
an uncooked meal mixture Two and a half grams were given each animal 
at a four-trial session In addition, fresh lettuce and crumbs of dog biscuit 
moistened with cod-liver oil weie fed regularly. 

Each of the 48 animals received 112 training trials with the maze in the 
same position, hereafter called the control position This considerable num¬ 
ber of trials, which extended ovei 14 days, was given in order to secure the 
maximum stability in the performances of the animals at the control position 
In the several rotated series, which immediately followed the training 
series, trials 1 and 2 were given with the maze in the control position, and 
trials 3 and 4 in either the control position or a rotated position, the respect¬ 
ive positions following a regular sequence Lontroi, rotated, rotated, control, 
etc Rotated positions of the maze for any single test series were distributed 
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among the 4-8 animals as follows (a) 16 rats, maze rotated 90 degrees 
from the position of learning; {b) 16 rats' maze 180 degrees from the 
position of learning; (c) 16 rats' maze 270 degrees from the position of 
learning In the next successive rotated aeiics the rats of the (a) group 
would be run from the (b) position, those of the (b) gioup from the (r) 
position, nnd so on This schedule of rotated and control trials continued 
for 9 days, and included 12 scries in which tiiala 3 and 4- occurred in 
rotated positions, and 6 senes in which nil trials were from the control 
position. A final group of trials, continuing over three days, included 2 
scries in the control position and 4 senes with the maze rotated successively 
45, 135, 22J, nnd 315 degrees from the contiol position. 

The results of this rotation procedure with the elevated maze are indicated 
in Table 1 The left half of the table shows the mean performance times in 

TABLE 1 

Means, Standard Deviations, and Intercorrelations of Runs 3 and 4 in 
the Control and Rotated Series 


Control series (0° position) Rotated series (all positions combined) 


Trial 
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Mi 

Cl 
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<r t 
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•Trials 1 and 2 are taken from the last two trials of the preliminary 
training aeries 

t45°, 135°, 225°, 315° positions combined. 
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seconds, the standaid deviations, and the intcrcorrelntions of trials 3 and 
4 throughout the several contiol series, these two trials being (be most stable 
of the four trials and hence affording the best standard of comparison 
for revealing the effects of rotation, The light half of the tabic shows 
the mean performance times in seconds, the standard deviations, and the 
jntercorrelations of trials 3 and 4 in the several rotated scries, 1 he spaced 
arrangement of the table follows the schedule of rotated and control tnnls, 
two successive senes in the rotated position being always preceded and fol¬ 
lowed by a senes in the control position Eirors, i c, entrances and cx- 
ploiations of blind alleys, were rare Their effects on performance times 
were controlled by recording only the time the animal spent in traversing 
the true pathway 

With the maze in rotated positions the behavior of nil the animals shows 
disturbances of performance In the first place, the mean performance 
times of trials 3 and 4 in the first rotated series arc approximately 50 
per cent greater than those of the corresponding trials of the preceding 
control seiies, and the coirelation coefficient, ,70, is lower than the control 
value of 93, while the standard deviations for the early rotated trials 
show considerable increases over the corresponding control trials Secondly, 
analysis of Individual performance times shows that every animal requires 
more time for trials 3 and 4 in the earlier rotated scries than for trial 2 
in these same series (trial 2 having occurred in the control position), 
although trial 2 in the control series had taken longer, on the average than 
trials 3 and 4 Thirdly, while the influence of rotation ns revealed in 
mean performance times becomes slight after the sixth rotated series, 
yet the geneial stability of the rotated performances does not reach the 
level of the control performances until the tenth or twelfth rotated series 
And, finally, rotation of the maze to new positions (45, 135, 225, 315 degrees 
from the control position) again reveals significant reduction of correlation 
eofficicnts and increases in mean performance times 

Such results indicate, wc believe, that, while the influence of the room 
environment on an animal traversing the maze obviously diminishes when 
living-cage and maze arc made continuous, ns in the Lcuba-Fain experiment, 
nevertheless this procedure by no means eliminates the room environment 
as a factor in maze orientation so long as an elevated maze is used and 
the animal’s receptors remain exposed to sensory influences from the room 
In other words, Carr’s original statement would seem still to be true, at 
least so far as the elevated maze is concerned, namely, that “the maze 
habit is dependent, both during and subsequent to its development, upon 
a wider sensory situation of which it is a part” 
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THE INFLUENCE OF IRRELEVANT CONTINUING DISCOMFORT 
UPON LEARNING* 

Edward L Thorndike \nd the Staff of the Division or Psychology 
of the Institute of Educational Research, 

Teachers College, Columbia University 

It is common experience that ceitain forms of discomfort interfere with 
learning by preventing the subject fiom attending adequately to his tasks, 
The facta of ordinary life, however, are complicated and confused, So 
it seems worth while to measure the influence of a specified di«comfort 
upon a single form of learning. 

The discomfort chosen was the lather mild one of holding one aim in 
a horizontal position. It wa9 kept mild by permitting the subjects to change 
the arm at will, The learning consisted in hearing a senes of 40 word- 
number pairs and then lexpending bv a number to each of the 40 words 
in four consecutive tnals in which the woids alone weie said by the 
experimenter Twenty series, each containing 40 word-number pairs, weie 
used in four sessions on four different days ns follows. 

*Thc experiment reported here was part of an investigation of the 
psychology of learning supported by a grant from the Carnegie Corporation 



SHORT ARTICLES AND NOTES 


445 


Session 

1 

Senes 

i 

Foui 

trials 

Oidinaiy conditions 




« 

2 


ff 

ft 

One aim held out horizontally 

(The 








subjects weie permitted to shift 

fruin 








one arm to the other at will) 




N 

3 




Ordinary conditions 




ft 

4 




One arm held out horizontally, 

as in 








Series 2 




it 

5 




Ordinary conditions 


it 

2 

it 

6 

to 

10 

with the 

same nirangements 


ff 

3 

f 1 

11 

to 

15 

u ff 

ff ff 


ff 

4 

a 

16 

to 

20 

ff ff 

ft ff 



In all cases the 40 words and numbeis were read once rapidly at the 
rate of approximately one per second by the experimenter, and then the 
words weie read alone, the subject responding to each by a number from 
1 to 10 and the experimenter announcing "Right” or "Wrong,” and saying 
the next word without delay The time per unit (word said by E 4- number 
said by S 4* "Right” oi "Wrong” said by E) varied around three 
seconds 

The instructions were ns follows: 

This is an experiment in learning sometimes without, and 
sometimes with, discomfoit I have a list of words with 
numbers attached to them, the numbers running from 1 to 10 
Listen comfortably At the end of one quick rending of the 
list you will tell me which numbers follow the various words 
and I shall answer "Right” or “Wrong” Twice during one 
session of the experiment you will keep your left arm raised 
horizontally all through Don’t woiry nbout the time of rais¬ 
ing your aim, as I shall tell you when to do that Please 
give me your answers promptly after each word is rend you 

We will try it first with a short practice series 

(Then a short practice was given with ordinary conditions and another 
with the arm held out ) 

Befoie each series with discomfort, the following was said* 

During this entire set you will keep youi left arm raised 
horizontally If holding out yom left arm bothers you, shift 
to the right aim One arm must be upraised from the time 
I lead the list of words and numbers until you finish giving 
your answers 

Sixteen adult students seived as subjects. Their average achievements 
in each trial of each session were as shown in Table 1 The average 
accomplishment under discomfoit periods 2 and 4 was better than that 
under oidinary conditions in periods 1, 3, and 5 (9 44 \ersus 9 05), but 
not quite so good as that in peiiod 3 alone (9 44 versus 9 89) 

We may make a valuable comparison of certain featuies of learning with 
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TABLE 2 

The Influence of Irrelevant Special Discomfort on Learninc—The Percentage or Repetitions in 
JV + 1 of a Correct Connection Occurring in Trials 1 to Jv 
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and learning without discomfort as follows We list the correct responses 
in trial 1 under each condition and find what percentage of them were 
repeated in trial 2 Wc also list the correct responses occurring for the 
first time in tiini 2 (or 3) and find what percentage of them were repeated 
in trial 3 (or 4), We also list the responses that weie correct in both 
trial \ and tnal 2 and find what percentage of them were repeated in trial 3 
And so on for all other combinations of correct responses 

We make the compaiisona separately foi each of the 16 individuals 
with the results shown in Table 2 The strengthening by the rewaid is 
almost exactly the same with as without discomfoit There are 50 cases 
where it is gienter with discomfoit, and 46 cases where it is greater 
without discomfort The average of the six medians of differences is 
—0 7 with a P,E of ±0 6 

The median difference for the learning ns shown by the repetitions in 
trial 2 of connections reworded ns correct in tnnl l is —2 4 This repre¬ 
sents the success in remembering pans from henring the expelimenter 
read them and the confirming influence of the announcements of “Right’* 
in trial 1, and so covcis roughly the firBt third of the peuod when the 
discomfort was least The median difference for the learning as shown 
by the repetitions in tual 4 of connections rewarded in trial 3 but not 
in trial 1 oi 2 is —4 65 This covers roughly the Inst four minutes of the 
period What little difference there is is thus in favor of the discomfort 
ovei the ordinary condition, and of the later and greatci discomfort over 
the earlier 

The Stime lack of interfeience with learning from nrelevant discomfort 
appears in the experiment of Tolman, Bretnall, and Hall, in which learn¬ 
ing a series of choices, each of one spot out of two, was nearly equally 
rapid whether a sound or a shaip shock informed the learner whether his 
choice was right or wrong 

Doubtless, lengthening the period from 9 to 18 or 27 or 54 minutes and 
increasing the intensity of the pain would at some point cause inteifcrcnce 
of some sort, Our results hold only foi the specified time and intensity 
There is, however, a clear discomfort from holding one’s arm out even 
for a couple of minutes, and a clenr relief when the shift to ordinary 
conditions is made But this does not influence learning Theoretically, 
one should not assume that discomfort acts unfavorably in a continuous 
gradient beginning at small intensities, Practically, one should not expect 
much in the way of bcttei learning fiom the leduction of minor aches, 
pains, uncomfoitable postures, and the like 
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A CONDITIONED RESPONSE OF TWO ESCAPE REFLEX SYSTEMS 
OF THE GUINEA PIG AND THE SIGNIFICANCE OF 
THE STUDY FOR COMPARATIVE WORK 

W T Jamts 

An experimental procedure that -would show functionally how refinement 
of neural structure has aided the various animal species in adjusting to 
environment, as well as how in the couise of this refinement the relation 
between the cortex and lower coid systems has changed, would he of par¬ 
ticular advantage to the experimental physiologist and psychologist The 
neurologists have been able to indicate structurally the growth and expansion 
of the neivous system from a primitive neural tube to the highly developed 
biain and cord system of the vertebrates, The experimental physiologists, 
howevei, and for the most part psychologists, have assumed what this 
refinement of structure means for the animal in the process of adjustment 
They have not been able to show specifically just what changes in behavior 
and adjustment have paialleled a refinement of and addition to neural 
structure They have, it is true, been able to do this to some extent in mail, 
but not until the conditioned-reflex method was used were they able to 
get at the minute changes in adjustment that go with definite changes in 
neural structure in the lower animals The method has been used mainly 
in the analysis of the cortical mechanisms of the dog (5), using either the 
salivary reflex, or the motor defense reflex (1) as the unconditioned one 
This salivary and motor reflex has been modified to respond to various 
stimuli which were originally unmeamngful to the animal, and from this 
modified performance analysis of the cortex has been made The use of 
the method in comparing nervous systems of different stages of refinement 
and development has not been emphasized to any great extent It has been 
suggested, however, by the studies of Liddell and Anderson (3), who 
compared the rate of development of the conditioned defense reflex of the 
foreleg in the sheep, rabbit, goat, and pjg, by Upton (7), who used the 
method in studying the guinea pig’s ability to hear pure tones and by 
Wever (8), who used conditioned breathing to study the upper limit of 
hearing in the cat One of the most significant things, comparatively speak¬ 
ing, indicated by Anderson and Liddell is that the conditioned defense 
response develops in the rabbit after twenty to thirty applications of the 
new stimulus, after six applications in the sheep, and after from one to 
two in the pig The same defense response is conditioned in the dog 
after about six applications of the new stimulus These studies suggest 
the possibilities of the method in comparing the cortical mechanisms of 
different stages of refinement There is another phase of the problem, 
however, which has to do with the relation between this developed cortex 
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anti the lower cacti systems Is the cooditloncd-reflex method adequate to 
indicate just what this evolutionary development has meant for the cortex 
and Us relation to the lower cord systems? Wc devised two experiments 
to see whether or not tins method could be used to show this relation 
These experiments deal with two escape response mechanising of the guinea 
pig In one of the experiments we studied the relation between the cortex 
and the total escape icflex system of the cord, tlmt involving all legs and 
leg segments, and in the other wc studied the relation between, the cortex 
and one segment of this total escape mechanism, that to only one leg, 
Experiment 1 deals with the first problem and Expeiimcnt 2 deals with 
the second problem Two male guinea pigs of the same litter were used, 
one in each experiment 

Experiment 1. 

The fiist experiment wns devised to condition the defense reflex of the 
right foreleg of the guinea pig to the sound of a metronome In the 
experiment the animal was isolated in a small loom and confined by harness 
on a table, The hnrnegs wns attached around the body of the nnimal and 
then fnstened to a beam 8 inches above the table surface The animal 
Was allowed freedom of movement within a radius of about 8 inches Wire 
electrodes were buckled on a shaved portion of the right foreleg to apply 
an electric shock The procedure followed throughout the experiment 
was to sound the metronome (rate 160) for 5 seconds and then give the 
shock. From an adjoining room the experimenter could observe the 
behnvior of the animal through a periscope, The metronome was started 
and stopped by means of an electrical lever. 

Results o{ Experiment 1 D unrig the first part of the experiment the 
animal remained in a crouched position and would move only when shocked 
The response then consisted of rhythmical running movements with the 
feet sliding on the surface of the table After the shock had been applied 
the animal would again take the crouched position The first definite rc* 
sponse to the metronome occurred on the one-hundredth application In 
this case the animal raised up on the feet as if “set” to run, and remained 
m this position until the shock was given This postural adjustment occurred 
only 9 times between stimulus 100 and stimulus 197 After stimulus 197 
the shift in posture was confined to the fore part of the body and when 
the shock was given the animal raised the foieleg, This unconditioned 
response of the right foieleg, when the shock was given, continued through 
stimulus 260, after which the tine conditioned leaponsc occurred What 
we call the true conditioned lesponsc wns the raise of the leg when the 
signal wns given, before the application of the shock This conditioned 
response was at first unstable, blit after stimulus 350 it appeared in 70% 
of the cases. 
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We observe that a large number of applications of the new stimulus 
arc required to build up a conditioned escape response of the right fore¬ 
leg in the guinea pig The unconditioned response at first involved the 
total escape mechanism of the animal, namely, running As the experiment 
progressed, however, the unconditioned response was next limited to the 
forelegs, and, finally, the conditioned flexion of the right leg appealed on 
the 261st stimulus We may assume that, as the response was limited to 
the fore part of the body, inhibition developed in the cord system below 
the segments involved in the conditioned response of the foreleg From 
the number of applications of the stimulus necessary to limit the lesponse 
to the foreleg and for the appeaiance of the conditioned behavior, and, since 
the same response occurs with relatively few applications of the stimulus 
in the dog, sheep, and pig, we may assume that this offered n difhcult 
task for the nervous system of this animal 

Experiment 2, 

In this experiment we made a study of the conditioned escape response 
involving the total escape mechanism The apparatus consisted of a box 
made of two small rooms (each loom 1 foot square) with an elevating 
door between them An electric grill was placed on the floor of one side 
of the box (room A) so that a shock could he applied to the feet of the 
animal eliciting the running leflex When the shock was applied the door 
between the two rooms was opened and the nnimal allowed to escape into 
the other side of the box (room B) As in the above experiment, a metro¬ 
nome (rate 160) was used as a signal The procedure was to sound the 
metronome for 5 seconds, then apply the shock and at the snme time open 
the door allowing the animal to run into B Since the top of the box was 
covered with a 2-inch mesh wire, we could observe the behavior of the 
animal from the experimental room by the use of the periscope. 

Results of Experiment 2 At first, of course, the animal would not move 
until shocked, and when shocked it made two circular runs around room A 
before finding an escape. On the immediately succcccding applications of 
the stimuli the guinea pig ran directly to the door when shocked The con¬ 
ditioned response to the metronome appeared on the twelfth application, 
when the animal ran to the door as soon as the metronome started Fol¬ 
lowing this conditioned running the pig would take a "set” on the feet, 
4 ‘as if ready to run,” and maintain this posture during the 5 seconds, then 
run for the door as soon as it opened This postural adjustment, with 
delay of mnning, appeared on the fortieth application of the signal 

Discussion of the Experiments 

The difference in number of applications of the new stimulus required 
to condition these two escape responses indicates a difference in structural 
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and functional relation between them and the cortex In Experiment l 
we were dealing with a abort reflex system (6, p 1S7>, but the excitation 
at first irradiated throughout the total escape mechanism. The response 
was limited to the forelegs after a Inrge number of repetitions of the metro¬ 
nome and shock During this time we may suppose that inhibition had 
developed in the cord system below the two segments involved in the front 
leg movements The separation of this one leg segment from the total 
integrated activity of the escape mechanism was undoubtedly a difficult 
task for the nervous system of the guinea pig, since the same behavior 
occurs with few applications of the stimulus in the animals indicated above 
This difference in appeal ance of conditioned adjustment between these 
animals is probably due to a diffeience in development and refinement of 
nenrol structure In Experiment 2 we observed that the total escape mech¬ 
anism could be conditioned with relatively few applications of the 
stimulus In this case we were dealing with a more natural response, 
The guinea pig escapes from all dangerous and painful objects by running. 
The response here is generalised in the sense that it involves the total 
integrated reflex system of the cord This total integrated escape system 
undoubtedly has a closer functional relation with the cortex than any one 
segment of the total system From this we may assume that the develop¬ 
ment of the cord and cerebiospinal tract system is adequate to signal the 
total running reflex but has not developed to the point where it signals 
the one segment without difficulty. This fact is in correlation with that of 
von Lenhossck (4), who found that the relation of the area of the cere¬ 
brospinal tract to the total cross-area of the spinal cord is low for the 
guinea pig in comparison to that in the mouse, rabbit, cat, and man, 

According to the prevailing theoiy, responses of the low-developed ner¬ 
vous system are generalized, that is, irradiation of excitation leads to an 
adjustment involving the total mechanism no matter in what part of the 
system the excitation arises (2) In the course of development the segments 
have become more and more subject to differentiated responses Since in 
the above expenments we indicate the functional relation between the 
cortex and the total, as well as segmental responses of the escape mechanism, 
the conditioned-reflex method would seem to offer a functional approach 
to specific changes in adjustment that aie due to evolutionary development 
of the nervous system By this method the changes in functional relation 
between the brain and the cord systems may be traced from the smooth- 
brained animal to the more highly developed brain of higher animals and 
man, as well as analytical arid synthetic ability of the cortical mechanisms 
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THE GENETIC DEVELOPMENT OF THE KITTEN’S CAPACITY TO 
RIGHT ITSELF IN THE AIR WHEN FALLING 

Leonard Carmichael 

The present note reports the results of a series of preliminary experiments 
on the genetic development of what has been called the righting reflex in 
cats The study was undertaken in an effort to analyze the early growth 
of n particular form of receptor control of behavior which in its adult form 
had been attributed by physiologists, at least in part, to past experience and 
even possibly to consciousness 

The ability of adult cats and some other mammals to right themselves 
in an in a drop from an upside-down position has long been known to 
casual observation The first scientific annlysis of this phenomenon seems 
to have been made by E J. Mnrey (9) 1 This investigator, by the use 
of an early form of serial-picture camera, was able to demonstrate the 
fact that the rotation of the fore and hind pnits of the cat's body takes 
place at different temporal stages dining a fall through mi. At hrst the 

^he development and scientific use of Marcy’s camera is interesting, in 
its own right Foi a detailed description see Marey’s own historical 
paper (11) Four senes of Marey's original pictures showing falling cats 
are given in the 1894 paper (9, pp 715-717) These same pictures are nlso 
reproduced in Nature (10, p 80) Unpublished pictures of the falling cat 
taken by Marey are in existence, for Magnus speaks of having seen some 
of them through the couitesy of Professor Weiss of Komgsberg (7, p, 222) 
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twist begins in the foie part of the body When this turn amounts to 180 
degrees the rear part of the animal begins to turn (9, p 716) Parenthet¬ 
ically it may be added that a move recent study seenvs to suggest that the 
turn begins more nearly at 90 than at 180 degrees. The physical and 
mathematical, as conti asted with the physiological, explanation of this 
phenomenon that is olfeied by Maiey is that the cat U9C9 the inertia of its 
own mass to light itself (10, p 81) M Cam!a (1, pp, 1-5) has recently 
shown that this conclusion was vigorously attacked or mathematical 
giounds as contrary to the theorem of the moments of quantities of motion 
This abjection was satisfactorily met in terms of theoretical mechanics 
by Guyou (5) and Levy (6). 

In 1916 Muller and Weed repoited a series of experiments on the 

physiological basis of this phenomenon in the adult cat (12) In their 

expcnments animals were released from a horizontal position with backs 

parallel to the lloor An effort was nude to avoid imparting to the animals 

any rotary impulse on release by the hands, a performance, incidentally, 
which motion pictuics of the present writer's efforts showed to be almost 
impossible, for him at any rate They found that all normal animals were 
able to turn in a fall of one foot. Some could turn in a fall of six inches 
Blinded animals turned almost as vvell as normal animals, although they 
did not land so well, “seemingly because of their ignorance of the height of 
the fall 1 ' Complete removal of semicircular cnnals on one side in other¬ 
wise normal cats inteifcred very little with the righting reaction Such 
a unilateral operation meicly induced certain tonus changes and led to 
the need of a longer fall in order that complete righting might occur 
When both internal cars were completely dc3tioycd, animals still turned 
in air and landed on then feet. This Was found in every animal so 
treated. TWeae investigators report, however, that if animals in Yfluch 
one or both of the semicircular systems had been destroyed were blinded 
by placing a hood over the eyes no lotation at all took place on falling. 
Unilateral ablation of the motor cortex did not intcifere with rotation in 
the air Most animals with bilateral motor ablation also turned One 
animal in this series, it is reported, showed itself able to turn only the 
front part of the body, the posterior part of the body not participating in 
the twist necessary for complete rotation This obseivation is especially 
interesting in light of the genetic development repoited below Muller 
and Weed further repoit that complete removal of the hemispheres led to 
a full loss of the ability to turn in ail The possibility of the function of 
consciousness in this righting process is therefore mised as a query by 
these authors. They concluded that the fulling reflex is piobably an ac¬ 
quired form of protective mechanism dependent on influences from the 
semicircular canals and from the eyes, mediated largely, if not entirely, 
through the cerebral cortex. 
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R Magnus (7, S), J G Dussei de Barenne (4), and others of the 
Utrecht school have also studied this phenomenon in relation to its receptor- 
central-neivous-system mechanism In summarizing this work Magnus 
suggests that the ability to turn in air so ns to land on all fouis is a 
function of intact labyrinths The typical course of falling in air in a 
normal cat, as determined from pictuies which Magnus himself ha 9 taken 
and lcproduced, involves a series of stages including the following First, 
the animal falls foi a short distance through the aa back down The head 
then begins to turn while the rest of the body remains undisturbed When 
the head lias turned through 90 degrees the thorax begins to turn, the hind 
poitton of the body still remaining immobile Soon, however, this rear 
portion begins to turn, and finally the body is completely re-oriented, so 
that the animal lands on all four legs This landing is made possible 
because the tonus and extension of the limbs have undergone change, as if 
in pieparation for this landing, during the latter pait of the fall. In an 
analysis of this complex act Magnus suggests that the reaction of the re¬ 
ceptors of the labyrinth is essential in initiating the hend turn and that 
this turning then initiates tonic neck reflexes which lead to complete body 
turning These students also report the central-nervous-system basis of 
the response ns essentially the same ns that indicated by Muller and Weed 
Camis (1, p 264-), however, points out that Muller and Weed make a sig¬ 
nificant contribution to the phenomenon over and above that of Magnus in 
that they deni with the "vicarious” function of the eyes in the righting re¬ 
flex 

In the preliminary experiments reported here an effoit was made to 
study the genetic development of this complex, adaptive act A device was 
constructed by means of which kittens of various sizes could be supported 
upside down by their four legs without causing them npparent discomfort 
By pressing levers the animals could be released and allowed to fall one 
meter onto a soft feather pillow A series of fourteen kittens was used in 
these experiments Eight of these fourteen tvere sufficiently studied to give 
significant results Typically, each kitten was dropped three times each day 
beginning a day or two after birth Brief written piotocols describing 
each fall were taken In the case of animals that did not completely turn 
in falling, the time required for them to regain a standing position after 
landing on the pillow was in many instances taken by the use of a stop¬ 
watch At all crucial points in the experiment motion-picture records, 
photographed at approximately 60 exposures per second, were taken of 
the falls. Because of illness in certain of the kittens studied, it seems unwise 
to give here norms in regard to the average times for the development 
of particular aspects of righting behavior The author feels that quali¬ 
tatively, however, the general picture of the development of this response 
may be described as follows 
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1 At first all kittens fall without giving any indication of turning 
They land upside down with all four legs in the air This often continues 
for a number of days after the eyes nic open, but some indication of head 
turning is secuied in some kittens before the eyes me open. 

2 There is a gradual decrease in-the time lequired foi lighting move¬ 
ments on the pillow after falls ill which no turn qccuis. This decrease in 
time is roughly related to the incieasing age of the kitten observed 

3 Evidence of turning in air seems to begin in the neck region; that is, 
during the period when the moving-picture iccoids show the first indica¬ 
tion of turning many kittens land with the head region partially oi even 
almost fully righted, but with the caudal region still unturned This is ap¬ 
parently not universal, but the noted exceptions may have been the result 
of unequal release by the apparatus of the four legs 

4 Evidence of turning in the air may be apparent on one day and not 
on the next day in the same kitten, but in general the increasing ability to 
turn in air is a function of increasing age 

5 Full righting appears first as if by chance and then gradually be¬ 
comes more and more regulai, At six weeks, when most of the experiments 
were concluded, righting was well established in most of the kittens studied, 
even though some of them Imd been for some time suffering fiQm an 
infection. In no case in this length of tune had the righting reaction reached 
the invariable condition which is characteristic of the healthy adult cat, 

Further detailed experiments on the development of this capacity m a 
more normal group of kittens and on the icceptor control of the response 
are planned The wtiter wishes to express his gratitude to Miss Margaret 
E, Keller for her assistance in conducting the preliminary experiments 
summarized above. 

Theoietically, these genetic results aie interesting, not only because they 
substantiate the speculations concerning development of this response made 
by obserycis who had studied only the adult phenomenon, but also because 
they point to significant genetic relationships It has been noted above 
that the physiological processes underlying the righting reflex In the adult 
animal are complex. Certain specific ablations of receptois or of paiticu- 
lar pans of the central nervous system seem to modify and eventually to 
abolish entirely the leaction It is inteiesting to note that the partial 
loss of the ability is not, in all cases at any rate, characterized by a gen¬ 
eral blunting of the total function This loss is rather a specific return 
to a form of activity which our observations show to he characteristic of 
an earlier genetic atHge In the growth of the typical adult reaction It 
is interesting also to note that the present observations show that the 
turning of the head which has been demonstrated as physiologically first 
iu the perfected adult act is also genetically first The study of the gen¬ 
etic development of thin function, therefore, seems to offer evidence con- 
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cerning Bn intimate relationship between the time sequence in the perform¬ 
ance of the response in the adult cat and in the genetic development of 
the act. Further analysis of this process of righting in air may well show 
thnt its development Is m a continuum with the development of the righting 
reflex in an animal which is in contact with water or a solid surface The 
records of the present experiment show that in part antecedent to and in part 
concomitant with perfection In turning in air there is an increasing perfec¬ 
tion in the act of turning on a solid surface, as measured by the time re¬ 
quired for this act after the kitten has landed in an upside-down position 
The development of righting ability on a solid surface has been shown to 
originate in the prenatal life of the cat by a number of investigators (13, 
H, 3, 2) 

The discovered relationship between the genetic development of partial 
acts making up the total response and of the time relations in component 
behavioral acts of the adult cat points to a developmental relationship 
which may play a significant part in understanding the growth of other 
types of behavior which nre now considered as saltatory maturations The 
complex time relationships disclosed In the adult performance and in the 
genetic development of this act may therefore indicate something of one 
form of analysis which may prove fruitful in an understanding of other 
complex behavior patterns in the adult 
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THE EFFECT OF AUDITORY STIMULATION UPON THE MAZE 
BEHAVIOR OF THE WHITE RAT 

L. A Pennington 

The present experiment deals with certain effects of auditory stimulation 
on the behavior of the white rat on an elevated maze, A number of 
studies have dealt with certain aspects of the problem of the relationship 
between audition and the control of behavior Baiber and Hunter (1, 4) 
have shown that the white rat is capable of localizing noise Thuma (13) 
used a T-shaped discrimination box and reports that, while the white rat 
develops responses to tones only aftei a large number of trials, the animal 
can be brought to make locomotor responses to tones if a criterion lower 
than that used by Hunter be accepted. Mucruingcr and Gentry (9), using 
a Y-shoped discrimination apparatus, find thnt the white rat makes dis¬ 
criminatory responses to diffuse and directed tones with far fewer trials 
than Thuma found necessary with his experimental arrangements They 
suggest that the difference In the number of tmls necessary in these studies 
is a function of the apparatus Trueblood (14) was unable to account for 
certain behavioral disturbances in some animals following rotation of the 
tunnel maze without assuming effective auditory stimulation Shepard (12) 
found that rats were influenced in their maze behavior by stimulation, or 
changes in stimulation, received from the floor over which they traveled 
and suggests that in all probability' this stimulation was of an “auditory 
character" Patrick and Anderson (11) state that a sudden change in 
incidental stimuli of sound and light will cause errors in succeeding trials 
even though the maze had been correctly learned under the old conditions. 
Morey (S) reports the facilitating effect of sound upon the rat's activity 
in the water maze Dennis (3) suggests that auditory stimuli may play a 
part in the formation of the maze hahit The studies just summarized indi¬ 
cate that the maze behavior of the white rat may be influenced by auditory 
stimulation, The negative results of Casper (2) secured under special 
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conditions do not seem fully relevant here The aim of the present experi¬ 
ment is to study in a quantitative manner one specific form of auditory 
stimulation in relation to the development of the maze habit in the white 
rat 

An elevated maze was used in the present experiment It stood 25 
inches above the floor and was constructed of pine sections, 2 inches by 
y s inch, each section 2 or more feet distant from adjacent segments 
The tiue pathway measured 40 feet, the overall length measured 70 feet 
Critical (urns from the start to the food-box were left, right, left, left, left, 
right, tight, right In order to avoid incidental sound as far as possible 
the experiment was carried on from ll 30 pm to 1 00 a.m On each side 
of the maze and 3 feet therefrom a pressed-wood sound hoard was placed 
The room was lighted with 12 25-watt electric bulbs regularly spaced and 
shielded by metal reflectors, an arrnngement which as measured by the 
Westinghouse Foot Candle Meter gave an approximately equal illumina¬ 
tion at all points on the maze Three low frequency buzzers, connected 
in series, nnd mounted on an elevated 25-inch standard to the left of the 
maze, supplied the sound stimuli 

Twenty-three male white rats of M 7 istar stock, four and a half months 
of age at the beginning of the experiment, were used Thev were trained 
for eight days in groups of four for one-half hour each evening The 
animals were placed first in groups, and, on the fifth day, individually upon 
the training straightaway set up in the maze room This straightaway 
was lengthened frequently until it approached the length of the true path¬ 
way of the actual maze The rats were fed each evening individually 
upon the food platform The daily ration for each animal consisted of 
six grams of McCuIlom’s diet, fed ns a dry meal Fresh lettuce and crumbs 
of dog biscuit moistened in cod-hver oil were also given daily 

The rats were divided into two groups The group learning without 
buzzer stimulation consisted of 13 animals Three consecutive perfect trials 
were taken as the criterion of learning. The animals were then given 
a test series wherein sound was introduced The second group learning 
the maze with buzzer stimulation from the left consisted of 10 animals 
They were given a test series with sound shifted to the right, the sound 
source occupying a similar position with respect to the sounding hoard nnd 
the maze as it had on the left The test series was continued until the 
rats had approximated the running-time exhibited in the training scries 
Five additional animals in this group were submitted to a test scries in 
which buzzer stimulation, instead of being shifted from left to right, was 
omitted altogether This senes was also continued until the running-time 
under the altered conditions approximated the running-lime under the 
original conditions During the actual experimentation period the operator 
retired to a shielded celotex cubicle equipped with a one-way vision screen 
Records were made of the following items 
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1. The time the animals spent on the maze, total maze time 

2. The actual time spent in running the maze. 

3. The errors made in order ol their appearance 

4. The time required to trnYerse specific sections of the true pathway 
with respect to the direction toward or away from the sound source 

Rhults 

I. The elfect of auditory stimulation on the maze behavior of the rat 
may be seen initially in the effect of intioduccd sound upon the perform¬ 
ances of animals trained without sound 

A . The mean number of trials requited foi learning without sound 
was 2i 5 In the test scries (with sound intioduccd) an avciage of 12 8 
additional trials, 60% of the original numbei of trials, was required for 
the animals to reach the original level of performance 

D The aveiage maze time with sound intioduced after learning was 
40% greater than the average maze tune for the original learning, as 
computed from a comparison of the final two teaming tnals with the two 
test trials The average uinning-time in the test senes was 46% greater 
2 The effect of auditory stimulation on maze behavior may be further 
seen in a comparison of the pcrfotmanccs of animals learning when sound 
was constant with their performances when the sound source was shifted. 
All animals were disturbed by the change The average numbei of learn¬ 
ing trials was 10,5 The average score in time of the annuals in learn¬ 
ing was 152 seconds pet trial for maze time and 99 seconds per trial for 
running-time, The median scores, 106 seconds maze time and 63 seconds 
running-time, are, however, more representative of the group learning 
with sound, for the reason that one animal required twice the average 
time and thus raised the mean 

With the shift in buzzer position after learning, 72 7 was the median 
percentage of the original number of learning trials required for the animals 
to reach their former level of performance The average score showed 
86% the original number of trials required to adapt to the sound change 
In terms of feet traversed in blind alleys during learning, the median 
animal covered 75% of this original distance in the test senes before the 
maze performance approximated the original wherein sound stimulation 
had come from the left The average score of the animals in feet retraced 
was 87% the tuic pathway retraced in the training series A comparison 
of the final two training trials with the first two of the test aeries indicates 
that the average maze and running-times in the test series exceeded those 
of the training senes by 50% 

The influence of auditory stimulation on the maze behavior of these 
animals is still further apparent from n consideration of the character of 
the errors made in the test series To reach the food in the training 
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series the animals had necessarily at one point to make a left turn carry¬ 
ing them away from the sound source With the shift of the sound to the 
right, however, this left turn now carried them toward the sound source 
Nevertheless, in the test tiinls, the animals continued at this point to turn 
away from the sound, consequently entering blind alleys for several trials, 
and thus indicating that auditory stimulation had temporarily prevailed 
over other modalities in influencing ma/c orientation 

3, When, with five rats named with sound, sound stimulation was 
omitted altogethci in the test scries, the average number of trials required 
to reach the former level of performance was 90% of the original number 
of training trials 

4 Measurement of the time required by rats ill the group learning 
with sound stimulation to traverse a specific section of the maze leading 
toward or away from the sound suggests that the male white rat travels 
approximately twice as fast toward sound as the animal travels away 
from it This conclusion Is based upon a comparison computed from the 
final two training trials wherein the perfoimance of the rat was more 
constant. 

5. Finally, a general comparison of the performances of the two groups, 
those learning with sound and those learning without sound stimulation, 
indicates that 55% fewer trials, 55% less maze time per trial, and 56% 
less running-time per trial (median scores) were required by the 10 rats 
learning with sound than by the 13 rats learning without it The mean 
total maze time of the animals learning without sound was 2 5 times greater 
than that of the animals learning with it The mean total running-time 
was 2 36 times greater for the animals learning without than for those 
learning with sound The median scores of animals learning with sound 
show that the animals retraced 50% less true pathway and entered 27% 
fewer blind alleys than did the animals learning without sound. Animals 
learning the maze with sound show less disturbance, as measured in mean 
and median scores for time, trials, and errors, when the sound is shifted 
in position, than do animals learning the maze without sound when sound 
i9 introduced. 

Summary 

1 The maze performances of 23 male white rats were studied com¬ 
paratively in an elevated-ma 2 e situation involving the presence and ab¬ 
sence of auditory stimulation from an extra-maze source, with alterations 
in the position of the sound stimulus 

2. The animals learning the maze with sound make 50% fewer errors, 
traverse 27% less distance in blind alleys, and require approximately 55% 
fewer trials, 56% less running-time, and 55% less maze time than nmmals 
learning without sound This confirms the statement of Patrick (10) that 
sound mny facilitate learning 
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3 In the behavioi disturbances shown upon the shift in position of the 
sound source and upon the omission of sound after training with it, the 
animals gave evidence of localizing sound and of using auditory cues from 
the extra-maze environment in orienting on an elevated maze 
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FURTHER NOTES ON PUNISHMENT AND REWARD 
J M Stephens 

This study was designed to cost light on two points In the first place, 

I wished to sec if the lock of agreement between Thorndike's (2, Chap, XI) 
conclusions and some of my results (1) were due to differences in method, 
In the second place* I wished to determine if the same explanation which 
accounted for nny anomalous results in my data (whenever such anomalous 
results did appear) would account for similaily anomalous results in 
Thorndike's data 

The lack of ngreement mentioned above is briefly this In his Spanish- 
vocabulary experiments Thorndike found that the oral announcement of 
"wrong” after an error did not weaken the underlying connection but 
slightly strengthened it, In my experiments on motor lenrning, such oral 
announcement of "wrong” did weaken the underlying connection quite per¬ 
ceptibly 1 

It seemed quite probable that this discrepancy was due to the differ¬ 
ences in the experimental methods Thorndike's conclusions arc based 
largely on experiments in learning the English equivalents of 200 Spanish 
words. In his experiments the test of the influence of the reward or pun¬ 
ishment came 2+ hours aftci that reward or punishment had been applied, 
Moreover, during that interval the subject had made choices and had been 
punished or rewarded in connection with 199 other similar words. In my 
experiments the test of the influence of the punishment or the reward came 
within a few seconds of its application and during that interval nothing 
of a distracting nature was introduced. 

In order to see if such differences would account for the discrepancies 
in the results I attempted to duplicate Thorndike’s technique in the respects 
detailed above 

The second of the two purposes was the more important In the ex¬ 
periment on lenrning to hit the bull's eye of a target, I had found that, 
while an oral announcement of "wrong" weakened the tendency, the an¬ 
nouncement of “wrong” by means of signals of lights did not weaken but 
slightly strengthened the connection These latter results are in line with 
Thorndike’s conclusions I found, however, that a meaningless (or neutral) 
flash of lights strengthened the connection even more than did a flash 
of lights meaning '"wrong” This was taken to indicate that the flash 
of the lights in it9elf strengthened the connection but the addition of “pun¬ 
ishing” information to that flash reduced the strengthening effect Con- 


’On the other hand, when the announcement was made by some signals 
of lights the connection was not weakened but strengthened (as in the 
case of Thorndike’s experiments) 
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sequently, it seemetl not unlikely that in Thorndike's experiments the mere 
fact of saying something, irrespective of the meaning conveyed, might 
cause some strengthening of the connection 
A group of 29 summer-school students were given the vocabulary test 
of the American Council Beta Spanish Test, Form A. This teat was jn 
multiple-choice form, the subject underlining the English word he judged 
to be the equivalent of the Spanish word On the following day the subjects 
were given the same test modified so as to provide information regarding 
the correctness of the second day’s choice The duections and a reproduc¬ 
tion of one page of the second day's tests are given In the reproduction 
some of the strips have been pulled off 

Directions In each line select the English word or phrase 
which most nearly corresponds with the Spanish word at the 
left Pull off the perforated strip which you find under that 


UltllmtucMt 53 to ted ho eifen- m 

Phb ftdo Bfl utto.i rd Sa turfl uy week. niter ihe't 

lUjtwtrirotaooYM 00,ir up out oul dttdrlle liaopele 
; u*i|r Iron ongry /nth /tin, 

!■ - HBMKIMPfl 

(ma n nt ed /to oim_ ri«nt nolhliw 4«M 

fit 

'tmr drink -jv tick kis« b« g 



^rirfar Jctmuy or<i* envoy ha Ip ami 



ttblo trlio tnoulefl£« abola akf-aty Sbbbotli 



doon Bwent dona during nelv* tvo 



Qflogtelon enployuenb oemsuca correct- lctic. 



FIGURE 1 
Sample 

Solid blnck indicates a portion of the strip that is pasted down to the 
test paper. , . 

Hatching indicates a portion of the strip that is not pasted down and is 
partially detached from the rest of the strip by means of perforations, 

A blank apace indicates that the portion not pasted devrn has been torn o * 
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word or phrase. Pull off only one strip in each line Beneath 
some of the perforated stups you will find the letter “R" This 
will mean that you have chosen the right woid Beneath others 
yea will find the letter “W” which menns that you have chosen 
a wrong word. Beneath most of the strips you will not find 
any letter In that case you will not know whether you are 
right 01 wrong. Remember tt docs vol mean that you are 
mong, but merely that you cannot tell . Underneath still 
other strips you may find a blurred letter like this & This 
comes from the coirection of a mistake It should have been 
left blank by the typist It means exactly the same as a blank, 
namely, that you just don't know whether it is right or wiong. 

After this page of directions and the sample, there followed 73 Spanish 
words each with its accompanying choices of English words Under each 
line was pasted a stup of paper with five sections marked off by perfor¬ 
ations These sections had no paste on them and could easily be detached 
The letters referred to in the directions were found under about 60% 
of these detachable sections. The significance of the letters will be clear 
from the directions 

The proccduie on the third day was exactly the same as that on the 
first day. 

The technique outlined above differs from that employed by Thorndike 
chiefly in the following particulars 


Thorndike’s experiments 

1 “Right' 1 nnd “Wrong” announced 
orally by experiincntei 

2 Information is given after evciy 
choice. 

3. One subject tested at a time 
4 Two hundred choices involved 


Present experiment 
Subject determines his success or 
fail me upon the removal of the slip 
Information is given after only 
60% of the choices, 

Twenty or thirty subjects tested at 
n time 

Seventy thiee choices involved 


These differences may be important. The use of stups makes possible 
a more constant control of conditions, since inflections in the voice, lack 
of assurance, hesitations, hurried corrections, etc, do not enter in It is 

quite possible that these factors, which would be extremely difficult to 

eliminate in the oral situation, may be rather important. Moreover, it 

would be difficult to prove that such variations would not be in the nature 
of a constant error tending to occur more in the case of “wrong" than 
“right” or vice versa On the other hand, the use of strips makes the 
problem somewhat less natural and may distract the subject’s attention 
The use of sporadic effects instead of the legular application used by 
Thorndike may make some difference. The application of an effect after 
every choice presents a double type of information The subject is con¬ 
fronted with “wrong instead of light” rather than “wrong instead of 

nothing," 
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Such n modification on my part seemed unavoidable in comparing the 
influence of “right’' and of “wrong” If we axe to measure the influence 
of “knowing that a response is right,” it seems that we must compare 
the influence of “a stimulus indicating success,” and this latter is very 
different from a “stimulus meaning failure” No way of thus providing 
a control seems to offer itself except that of leaving a substantial number 
of choices unrcwaided and unpunished 
The third difference in technique is not likely to be important, except 
perhaps that there is, in the group method, some oppoitumty of going 
back over the choices and tiymg to memorize them, 2 
The influence of length will be discussed in detail later. 

From the above tests we can determine for each Spanish word (n) 
which English word was selected on the second day, ( b) what information 
the subject received regarding that selection, and (c) whethci or not that 
choice persisted (le, whether or not the same English word was selected 
on the third day) It will be noticed that in these determinations we pay 
no attention to the words selected on the first day. 

From these data we axe able to select all those second day’s choices 
which were followed by no information and. to compute what percentage 
of those choices persisted to the third dny, Similarly we can compute 
the pcicentagc of peisistence among the words followed by the other three 
conditions respectively (Table 1) 

From the above figures it seems quite clenr that («) a connection is more 
likely to persist if followed by “right” than if followed by nothing at all, 

TABLE 1 

Number and Percentage of All Choices Persisting When Followed 
by Different Conditions 


Total no of words 

followed by a Number Percentage 

Conditions given condition persisting persisting 


Blank (no information) 

845 

469 

56 ± 1 0 

Nonsense symbol (no information) 412 

259 

58 ± 1*6 

W (wrong) 

406 

178 

44 ± 1 7 

R (right) 

4S7 

376 

77 ± 1 3 

Right minus blank 



21 ± 1 6 

Blank minus wiong 



12 ± 2 0 

Right minus nonsense symbol 



19 ± 2 1 

Nonsense symbol minus wrong 



14 ± 2 3 


s From a casual discussion of these results with Professor Thorndikei I 
find that he nttnehes great importance to this possibility of "drill 1 ’ in 
accounting for any discicpancy in our results The point will, of course, be 
subjected to an experimental check In the meantime, however, I should 
point out that this possibility is present to some extent in nil experiments. 
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and (b) that a connection Is less likely to persist if followed by "wrong” 
than if followed by nothing nt nil If ivc compare the influences of “right 11 
and of "wrong” to the influence of the nonsense symbol we notice (c) that 
the weakening influence of "wrong” (I f%) is not greatly different fioin 
the strengthening influence of "light' 1 (19%), the difference being only 
5 ±: 3 1 This latter point is not presented ns final, however, for two rea¬ 
sons In the first place, the strengthening influence of the nonsense symbol 
(58%) docs not seem to be significantly different from the influence of a 
binnk (56%) In the second place, it is difficult to say that J change from 
58% to 77% is the same as a change from 58% to (say) 39% 

The discrepancy between these lesults and those reported by Thorndike 
could, of course, be due either to the differences in administering or to 
the difference in the method of computing the results As mentioned above, 
Thorndike had nothing coriesponding to our "blanks” by which he could 
determine how much chance a connection had of persisting when it was 
neither rewarded nor punished. In order to make such a determination 
Thorndike used pure chance as a base line With five English words 
to cIioobc from, the subject would select the same word over again by 
pure chance m 20% of the cnse9. To do away with connections which 
were very stiong at the outset, he used only those words which did not 
persist from the first to the second trial In so doing he reasoned that, 
if there were initially a stiong connection between any Spanish word and 
an English word, that English woid would be selected on the fii9t test, 
and* conversely, that any word selected on the second day but not on the 
first had only a one to four chance of pci slating unless something weie done 
to it 3 

In our subsequent discussions those choices winch persisted from the 
first to the second day will be called “strong” connections Those con¬ 
nections which appeared for the first time (he, which supplanted a pie- 
vious connection) on the second day we will call “weak” connections 
Thus Thorndike's computations weie confined to weak connections (as here 
defined). 

When our data were reworked using weak connections only the facts 
shown in Tabic 2 appear 

From these results two facts emerge (n) Theie is no evidence that 
a choice made oil the second day but pot on the first has only a 1.4- chance 
of persisting to the third day; it seems to have a little better than a 1 2 
chance of persisting (f>) Punishment, when compared to the influence 

Thorndike attempted to check up on this method of reasoning by using 
only choices which first appeared on the thud and fourth trials (See 
2, pp 283-284.) But piactically all the data from the vocabulaiy-icnrmng 
experiments depend upon this sort of a contiol. 



SHORT ARTICLES AND NOTES 


469 


TABLE 2 

Number and Percentage or Weak Connections Persisting to the Third 
Day after Being Subjected to Different Conditions 


Conditions 

Total no 
of such choices 
followed by a 
given condition 

Number 
persisting to 
the third day 

Percentage 

persisting 

Blank 

282 

102 

36 £ 1 9 

Nonsense symbol 

135 

47 

35 ± 27 

Wrong 

14+ 

44 

30 ± 2 5 

Right 

153 

93 

59 ± 2 6 


of ‘'nothing happening” 01 of “a neutral stimulus (nonsense symbol) hap¬ 
pening,” seems here to have only a slight weakening influence This 
weakening influence, although not unassailable in view of Ha probable error, 
is, however, suggested 

It should be pointed out that if we had used chance expectancy (20%) 
ns our base line we would have concluded that punishment had a strength¬ 
ening influence, since the punished connections persisted 10% more than 
would have been expected by chance 
The fact that the persistence of weak untreated connections was 36% 
rather than 20% will undoubtedly call to mind the comparable experiments 
of Thorndike In any comparison two cautions are necessary. In the 
first place, there are the differences in general technique mentioned above. 
Secondly, there is the open question as to whether or not “pulling off a 
strip and finding a blank” (my control) ib the same as "underlining a word 
and receiving no information as to success or failure” (the control to which 
Thorndike attempted to approximate) 

In order to check against the influence of the second factor, and (par¬ 
tially) against the influence of length, I repeated the experiment with a 
modified form of the material On the first and third days the procedure 
did not differ from that employed in the original experiment except that 
only 44 of the test items were used 

On the second day, however, the technique of pulling off strips was 
applied to only 29 items In the case of the other 15 items the subject 
indicated his choice by merely underlining the word By this means I 
was able to compare the influence of “underlining a word and receiving 
no information” <vs, “pulling off a strip and finding a blank" 

This check showed that the weak choices persisted in 57 ± 4% of the 
cases when they were merely underlined on the second day and in 50 ± 4% 
of the cases when a strip was removed and a blank discovered From 
this we can conclude that the influence of finding a blank differs very little 
from that of underlining a word and being told nothing 
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The fact that the persistence of weak untreated connections is greater 
here than in the original experiment does indicate that the length of the 
teat may have some influence—the loitgct the test the less likelihood oi 
persistence 

The above fact must not be taken na established since the two tests 
differed in one other respect than in length It docs suggest that in 
Thorndike’s experiments, involving n much longci test, the most probable 
persistence of the untreated weak connections might be less than 36%, 
Whether or not it would he reduced to puce chance (20%) we have no 
means of determining from our picscnt data, nor is it the concein of this 
paper We arc merely concerned to show that if 20% had been used as 
the base line in (his experiment a constant error of from 14% to 18% 
would have been introduced 

Wc now turn to a consideration of some peculiarities in the influence of 
punishment on the weak connections. If the figuics can he taken at their 
face value, the influence of punishment on the weak connections is much 
less than its influence on all connections taken togctlici This apparent 
tendency will be clearer if we compare the influences of punishment and 
reward on the two types of connections which we mbitmrily cnl! "strong” 
and "weak" For each type of connection I give the influence of pun¬ 
ishment and of reward Wc will repeat the data for the weak Connecticut 
along with the new data for the strong connections. (Table 3 ) 

TABLE 3 

Numbpr and Percentage or Strong and Weak Connections Persisting 
to the Third Day after Dhtm-unt Modes or 
Treatment on ihe Second Day 

Total no of connec- Number 
tions (choices) persisting 
followed by n given to the Percentage 

Condition condition third day persisting 

Strong Weak Stiong Weak Strong Weak 


Blank 

563 

282 

367 

102 

65 

± 1.3 

36 ± 1.9 

Nonsense symbol 

277 

135 

192 

47 

69 

rfc 1 8 

35 ± 27 

Wrong 

262 

144 

134 

44 

51 

± 2 1 

30 ± 2 5 

Right 

329 

158 

283 

93 

S6 

rfc 1 3 

59 ± 26 


The unique influences of punishment and of leward are best given by 
correcting for the influence of the “blank" or of the nonsense symbol 
I give these corrected data for both stiong and weak connections. (Table 
4) 

Table 5 gives the extent to which the unique influence of “right 11 exceeds 
the unique mfluence of “wiong" under the different conditions respectively. 
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TABLE 4 



Strong 

Weak All 

Unique influence of reward (right minus 
blank) 

Unique influence of punishment (blank 
minus wrong) 

Unique influence of reward (right minus 
nonsense) 

Unique influence of punishment (non¬ 
sense minus wrong) 

at ± 18 

14 ± 2 5 

17 ± 22 

18 ± 2 7 

23 ± 3 2 21 

6 ± 3 1 12 

24 ± 3 7 19 

5 ± 3 7 34 

TABLE 5 


Strong 

Weak 

Using blank as a base line 

Using nonsense symbol as a base line 

7 ± 37 
—1 ± 3.5 

17 ± 44 
19 ± 5 2 


Since the above differences are compounds of many other differences 
their unreliability is very great. However, the figures strongly suggest 
that in the case of weak connections reward is definitely more influential 
than punishment but that in the case of strong connections the influence 
of reward is not much different from that of punishment 
This fact also may have a bearing on the interpretation of Thorndike's 
results, since he used only weak connections. 

For the above difference in the influence of punishment there is no 
explanation iwtliin the data themselves The slight influence of punish¬ 
ment on weak connections may, however, be due to the fact that the sub¬ 
ject has a different mind set toward a weak connection than he has toward 
fl Strong connection, It may be more disconcerting to find that a strongly 
entrenched opinion is erroneous than to find that an indifferent guess is not 
correct. In expressing a weak “hunch" our very statement often invites 
an answer of “No ” We say, “The trouble couldn't be due to this factor, 
could it?" A man asked to guess how much his wife paid for some won¬ 
derful bargain is probably more relieved to know the answer, than he 
is chagrined to hear that he guessed too much 
This satisfaction of “knowing the worst” in connection with a doubtful 
guess may offset the annoyance which comes from guessing wrong In 
the case of an estimate of which we are very sure, there is no such prelim¬ 
inary anxiety to be relieved Consequently, the announcement of wrong 
would have no strengthening effect arising from the relief from that 
anxiety, 

We come now to the discussion of the second purpose of the investiga¬ 
tion—the attempt to see if Thorndike’s results could be explained by the 
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notion of the medium Obviously, we can secure no information along 
this line since none of our computations confirm Thorndike's results 
Nevertheless, in the case of the weak connections, where the influence of 
punishment is apparently much less than that of rewmd, I would have 
expected the medium (the nonsense symbol) to occupy n position approx¬ 
imately nudwny between punishment and reward. This, of course, It did 
not do, being, if anything, closer to punishment than wa9 the influence of 
the blanks 

The failure of the medium to account for the lesser influence of punish¬ 
ment in the ease of the weak connections may be due to 

1. an inadequate representation of the medium, 

2 lack of any influence on (he part of the medium, 

3, the masking of the medium by the “sense of relief" factor discussed 
above 

Summary and Conclusions 

From an experiment in which the essential features of Thorndike’s 
vocabulary learning experiments were duplicated (but certain details 
altered), results appear which indicate 

1 that with reference to all connections taken together reward strength¬ 
ens and punishment weakens connections; 

2. that, with reference to weak connections only, the influence of 
punishment appears much less maiked, but is still suggested, 

The difference between these results and those reported by Thorndike 
may be due to 

1 the difference in the details of procedure (especially with regard 
to length of tests), 

2 the fact that Thorndike used only weak connections, 

3 the fact that the influences of punishment and reward were measured 
from different base lines in the two experiments [chance expectancy (20%) 
in Thorndike's and an empirical control (36%) in mine] 
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A STUDY OF COLOR VISION IN TIIE MOUSE (MUS MUSCULUS 
L) AND THE IIOUSLIK (CITELLUS CITELLVS L) 

GAncrn KolosvAry 

In this paper nre presented observations and experiments which con¬ 
tribute to our knowledge of the color sense in animals 

Experiments with Mick 

The experimental box used in this study was divided into two sections, 
the first consisting of a food box and a passage-wny which led into the 
second section, a smaller compartment which contained the nests. The 
original nests, which were made of straw, were removed and in the passage¬ 
way were placed strips of paper for the animals to use in reconstructing 
their nests 

Two hundred and twenty strips of paper, each approximately 20 cm 
long and I cm wide, were furnished, 110 white, and 10 of each of the 
following 11 colors purple, red, rose, bright rose, orange, yellow, brown, 
bright brown, green, blue, and bright blue, 

The animals were given seven opportunities to rebuild their nests, the 
number of white and colored strips being recorded each time and the nc9ts 
destroyed. At the first such opportunity 44 white and 8 colored strips 
were used Upon the destruction of the nests constructed of these strips, 
the animals carried away only 3 white and 2 colored strips Deprived 
of these, they again carried away only a few strips. When these were 
removed a period of increased activity ensued in which all the strips were 
carried into the nesting compartment. However, only 36 white and 12 
colored strips were used in the actual construction of the nests In the 
next experiment 10 white and 11 colored strips were utilized, in the sixth 


TABLE 1 

Number of Strips of Each Color Used in Each or the Seven Recon¬ 
structions of the Nests 


Color 

No of strips 

No, 

, of 

: strips 

used 

in 

each 

No of strips 


piesented 

reconstruction of 

nests 

remaining 



1 

2 

3 

4 

5 

6 

7 


White 

110 

4+ 

3 

5 

36 

10 

12 

16 

4 

Purple 

10 








10 

Red 

10 

1 



1 


3 

1 

4 

Rose 

10 





2 

2 

1 

5 

Bright rose 

10 

1 

1 


1 

2 

2 

3 

0 

Orange 

10 






1 


9 

Yellow 

10 






2 

2 

6 

Brown 

10 




1 

2 

3 

4 

0 

Bright brown 

10 

1 



1 


8 


0 

Green 

10 




2 


4 

4 

0 

Blue 

10 

1 



2 

5 

2 


0 

Bright blue 

10 

4 

1 

1 

4 




0 
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experiment, 12 white and 27 colored strips were carelessly put together in 
the nesting compaitmcnt; and in the seventh trial, the animals still more 
carelessly and hesitatingly earned away 16 white and 15 colored pieces 
From the malenal remaining aftci this trial—4 white and 34 colored strips 
—they refused to mnke nests, but cowered in the coi ncr of the box. 

Table 1 gives the results of the seven experiments just described. From 
the data presented in this tabic it appears that the mice showed a distinct 
preference for the white strips, since they left but 4 of these as compared 
to 34 colored ones. Among the co\ots, it appears that they favored the 
bright blue more than any other, while pui pie and orange were the least 
favored Brown, green, and blue weic decidedly favored when contrasted 
with the choices of red and yellow, the former being all carried away, 
while the latter were practically all left at the end of the experiments. It 
should be noted that it was only after the fifth choice, when the bright 
blue strips ond a goodly proportion of the white strips had been carried 
away, that the other colors were taken Finally, it is interesting to note 
that the bright tints were chosen in preference to the daikci ones 

EXPERIMENT WITH A SOUSLIK 

Only one animal was available for these experiments The original 
nest was not disturbed, but 20 strips of white and 20 of blood-red paper, 
slightly larger than those used in the experiments with the mice, were 
strewn about the cage. The stiips chosen were not removed from the 
cage but were taken from the nest and strewn about the cage after each 
experiment. Eleven experiments weie made 


TABLE 2 

Number of Red and White Strips Usn> hy Sdusuk in Each or the Eleven 

Experiments 


No. cf 
experiment 

No, of white 
strips used 

No of red 
strips used 

T otnls 

White Red 

1 

10 

9 



2 

7 

5 



3 

14 

4 

31 

18 

4 

16 

6 



5 

20 

15 



6 

3 

5 



7 

20 

18 

59 

44 

8 

16 

8 



9 

20 

20 



10 

20 

19 



11 

9 

16 

65 

63 


Table 2 presents the choices made by the animal, In the first experi¬ 
ments the choices seem to be made in favor of the white strips, 31 white 
and 18 red strips being chosen in the first three experiments, and 59 white 
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and 4+ led in the next four. After the ninth experiment, however, it appears 
that the animal has become habituated to the red pieces and makes ready 
use of them 

Following the experiments with the red and white strips, 30 white, 30 
black, and 30 bright blue strips were placed in the cage with the souslik 
At its first opportunity for choice the animal carried away 8 white, 9 
black, and 16 blue stiips. The Second time, 10 white, 10 black, and 17 
blue weie chosen; the third time, 25 white, 26 black, and 30 blue; and 
the fourth time, all 90 strips were taken. It appears, therefore, that white 
and black were of approximately equal value to the animal, while blue 
was quite decidedly favored in comparison with either 

The next experiment utilized led, white, and blue Twenty strips of each 
color were used Table 3 shows the choices made from these three colors 


TABLE 3 

Number of Red, White, and Blue Strips Used by Souslik in Each of the 

Six Experiments 


No of 
experiment 

No of red 
strips used 

No of white 
strips used 

No, of blue 
strips used 

1 

8 

8 

16 

2 

8 

19 

19 

3 

7 

17 

20 

4 

8 

16 

18 

5 

9 

16 

20 

6 

7 

8 

15 


It is evident that blue was chosen more than either of the other two and 
that red was the least favored 

SicNiricANCP or the Experimental Results in the Liciit of 
Former Studies 

There have been a number of investigations of the coloi sense in animals 
and ft may be interesting at this point to summarize a fe« of the outstand¬ 
ing findings and to see how the present results fit in with them 

Hess and otheis, on the basis of experimental studies, deny the existence 
of color vision in the Aitliopoda Others, however, feel that the piahlein 
is still on open one, that experimental circumstances and methods have 
been inadequate for its solution, Extensive studies have been carried out 

with bees, especially by von Buttel Reepen (8) and Bierens de tfaan (1) 

The latter writes “Die Bienen dressieren sich auf die absolute llelligkeit 

des Dressurpapiers und von einer Drcasur auf das Yerhnltnis der lieiden 

Graunuancen wie bci den hoheren Tieren, ist Keine Spur zu linden” 
Frolich studied the problem with Cephalopoda and came to the con¬ 
clusion that his animals discriminated between red and blue Other in 
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vestigators, however, explain this discrimination on the basis of brightness 
differences. 

Herder has recently shown that fishes discriminate between different 
shades of gray and black. Von Fnseh rcpoits the same lesults, 

Ycrkes' experiments with birds arc very well known lie secured positive 
results with his multiple-discrimination boxes Kohler, Kat/, Toll, Jaensch, 
nnd Rtekel found that hens react to color on n relative basts Hopkins 
(7), working with mice, Gayton (3), with rati, nnd Wtssenburgh and 
Tibout (10), with guinea pigs, also found that these animals react on a 
similar basis, 

Most interesting, perhaps, are the experiments with monkeys, Dahl 
(l), working with Co coptthepu grijcovuuhs, showed that this monkey dis¬ 
criminates between red and green nnd may form associations based on 
such discriminations Bierens de Haan (+) also found that monkeys make 
discriminations even between tints of a given color. 

From even so short n summary it appears that annuals may possess 
an ability to discriminate not oniy between colors, but also between differ¬ 
ences of brightness in colors, to a degree corresponding to the relative 
number of rods and canes in their retinas This generalization must be 
made only tentatively', however, since a great deal more experimental 
evidence is needed to dear up details 

It seems that more detailed knowledge must surely verify the supposition 
that in (he optical apparatus every color is perceived with a separate organ 
or nerve termination, The color-sensitive cone, known to be ptesent in the 
retina of man nnd of all the vertebrates, does not offer n sufficient basis 
for the satisfactory explanation of all the phenomena of color vision and 
color blindness. However, it seems certain, as von Buttel Reepen states, "da as 
die Bienen in gcwisser Weise rnehr sehen und anders schcn wie wir 1 ' This 
may also be true of animals other than bees Although the human eye 
is sensitive only to rnys of 390 to 7d0 m)i, there is no evidence that the 
eyes of other nnimnls possess a sensittvity only for these wave-lengths 
The retinas of nocturnal animals, such ns the bat, the cat, and the mouse, 
are supplied with a much greater number of rods than of cones The rods 
are insensitive to color and mediate only sensations of colorless light. In 
daylight, on the other hand, the function of the cones increases in im¬ 
portance since the mediate sensations of coloi, 

Since green and blue, i e., colors of shorter wave-length, stimulate the 
rods, and since, as we have pointed out, the retinas of mice are well sup¬ 
plied with these receptors, the choice of blue and white by the mice seems 
quite natural. On the other hand, red has little stimulating value for the 
rods, and papers of this color were seldom chosen by the animals 
Evidence from the other experimenters whom I have mentioned and 
from the experiments here reported seems to indicate that colors, especially 
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bright colors and their tints, may be distinguished by animals This may 
not mean that single colors are perceived as such (perhaps because of the 
few cones present), but it does show that there is a "feeling of differ¬ 
ence,” ie, discrimination, even in animals whose retinas are copiously 
supplied with rods 


Summary 

In summary, by a trainingless procedure we have shown that the mouse 
shows a preference for white and bright colors when given a choice be¬ 
tween these and darker colors. It also disciiminates between the blue 
and red color-groups of the spectrum, i e., between shorter and longer 
wave-lengths, preferring the blue 

The souslik, being a daylight animal, probably possesses more cones, 
it made no distinction between black and white as far as its choice of strips 
was concerned On the other hand, it did distinguish between red and 
blue, preferring the blue more than any other color 
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GLMm C Scuwisinciek. Heredity and Etmionmeul New York. Mac¬ 
millan, 1933 Pp viii*HS4 4 00 

In a rapidly growing field there 19 need for frequent consolidation and 
appraisal of results. Something of tins kind occurs, of course, in the 
"summary of the literature’’ accompanying almost any PhD. dissertation, 
in the general "justification 1 ’ with which many n published research is 
prefaced and In the reviews and annotated bibliographies which appear 
from time to time m the professional periodicals Seldom, however, do 
such summaries offer the detailed excerpts of original data and the critical 
synthesis of evidence which would enable the reader-investigator to con¬ 
clude' "The established points are these The findings nre inconclusive 
upon these other points Further work in the field can profitably take 
these directions." 

For the nature-nurture problem, or at least for certain aspects of it, 
Miss Schwesinger has essayed an unusually compiehensivc evaluation 
Her volume was prepared “as part of an attempt to appraise the present 
status of knowledge in the field of eugenic research" The suivcy is in¬ 
troduced by two chapters on the measurement of intelligence and personal¬ 
ity respectively; then comes the main contribution of the hook, a summary 
of research studies upon hciedity and environment in rclntion to intelligence, 
This is followed by a chapter entitled “Viewpoints on Personality" A 
chapter of conclusions and an appendix on “Fields of Fuilhci Research" 
complete the work, 

The summary of lesearch studies, as one might expect, draws heavily 
upon the experimental work of the past decade and particularly upon the 
investigations rcpoitcd m the 1923 Yeat book of the Natio?ial Society for 
the Study of Education, and the histones of identical twins reaied apart 
whom Muller and Newman have studied The summaiy is by no means 
narrow or one-sided, however, It is documented by over two hundred 
references, delves back into the pioneer studies of Galton, traces the 
development of techniques since these early beginnings, and discusses 
modern investigations at considerable length nccordmg to the following 
classification’ 

Relation of intellectual resemblance to degree of kinship and variation 
in general cultuie 

A Heredity similar 

B Heredity varied: environment similar 

C Influence of specific envnonmcntal factois (cultural and physical) 

D Animal experimentation, 
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Essential tabular material fiom the most significant investigations has 
been reproduced, and the author herself has compiled a number of useful 
summsiy tables anti charts from her combined sources (e.g, correlation 
studies of family resemblance, comparison of intra-twm differences of 
identical and fraternal pans reared togethei and identical pairs reared 
apart, etc ) Ilei chief conclusions seem to the reviewer fully justified 

The evidence that there are important differences among in¬ 
dividuals in hei editary capacity for intelligence is entirely 
conclusive; the vailabilities and averages of large numbers of 
individuals under influences of varying environments are in 
process of being quite accurately determined And there is 
strong evidence . that the higher intelligence of the upper 
socio-economic groups as compared with groups lower in the 
socio-economic scale is to an important extent due to differences 
in hereditary capacity 

In matters of detail, there arc several points where questions might be 
raised as to the author’s interpretation of data 

Pp 202, 206, 221-22+ Discussion of the various statistical techniques 
which have been offered for evaluating the contributions of nature and 
nurtuie to twin differences Though adopting a somewhat skeptical point 
of view toward these techniques, the author has not shown wherein they 
aie deficient (eg, Hirsch’s unwananted subtiaction of the unsubtraet- 
abie mean intra-pair differences of identical twins subtracted from 
those of fraternal twins in an attempt to establish the separate effects of 
heredity and environment) Neither has the relationship of mtra-lwhi 
differences to individual diffeienccs m the generality been elucidated. 
This is an issue much in need of clarification, for it has sometimes been 
uncritically assumed that establishing the proportional contributions of 
nature and nurture to twin differences has very general implications, The 
reviewer has elsewhere aigned against this assumption, and has pointed 
out that when differences are relatively slight, as in the case of twin pairs, 
fixing the relative contributions of heredity and environment is without 
general interest 

P 235 "If . . all parental mates in n group are of pure brown-eyed 
stock, all the children will be brown-eyed, and the sib correlation will be 
1" The fact has been overlooked that a correlation coefficient is an ex¬ 
pression of concomitant variability, and that a pertcctly homogeneous 
senes of siblings or of parents and offspring would yield a correlation of 
zero. 

P. 237 "It may be noted that the coefficient of correlation between 
natural parent and child is around 3 . " The author’s summary table, 

from which this conclusion is drawn, shows that the parent-child correlations 
tend to cluster around 45 or 50 except when unreliable measures are used 

P 259 In discussing the mean intelligence level of the subjects of the 
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Stanford study of foster children, the author states that the increment cl 
Intelligence attributed ta superior environment (about S points) is insigtufi 
cant, "as that figure falls rather closely within the normal range of varia¬ 
tions on test-retest records’* This overlooks the fact tlint a difference 
which may be due solely to chance in the te9t and retest of individuals is 
reliable when it represents the displacement of the mean score of a group 
of several hundred children, 

I>p 322, 329. The author compares the IQ’s of children having phys¬ 
ical handicaps with the IQ’s of unhandicappcd siblings, and assumes 
that allowance should be made for sibling regression toward the mean 
But this would be indicated only if the handicapped children had been 
selected on the basis of I Q Under the circumstances, there is no more 
reason for minimizing differences by allowing for regression of the 
siblings than there would be for cxaggeiatmg differences by allowing for 
regression of the handicapped children from the mean of their siblings, 

In the chapter on the measurement of intelligence the author prepares 
the reader for her survey of the untilrc-nurtuie literature on intelligence 
)n the chapter on the measurement of personality, she prepares the reader 
for not including a survey of the nature-nurture literature on personality, 
taking the view that "the factors underlying personality development are 
a a yet so incompletely understood by psychologists, the tools of measure¬ 
ment so inadequate, the research data so meager and insecure, that we did 
not fed justified in organizing aucli an analysis” Instead (in Chapter S), 
she has chosen to present "the mam points of view, the theories, the various 
approaches to the study and undcistanding of personality which have grown 
up in the fields of psychology and psychiatry” 

la it a reviewer’s proper task to comment upon the Anfgabe, or should 
evaluation be restricted to the author’s success in following the rules which 
he himself lays down? Since Poyer's IdllirSdili Psychologique (1921) 
and Peter r s Vererbunt) geistujcr Ligevschaften (1925) there has been no 
adequate, critical summary of the nature-nurture literature concerning 
personality traits, although many would concede this literature to be not 
so meager and insecure as to be Ignored. On the other hand, there have 
been numerous and recent critiques of methods of measurement, and of 
viewpoints on personality Whether a somewhat different allocation of 
space would have resulted in a suivey even more useful than the present 
one, we leave as an unanswered question 

Barbara S Burks 

Institute of Child IP el fate 
University of California 
Beikelcy, California 
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